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(54) Abstract Title: Thin film magnetic head and method for manufacturing the same 

(57) A thin film magnetic head and a method for manufacturing the same is provided, wherein first coil pieces 
(55) and second coil pieces (56) provided one above the other with a magnetic pole layer (39) 
therebetween are electrically connected to each other with reliability and with ease, and the 
above-described magnetic pole layer can be provided on a flattened surface. A laminate (62) provided on 
a coil insulation layer (58) can be formed on a flattened surface and, therefore, the above-described 
magnetic pole layer can be formed into a predetermined shape. As a result, the track width can have a 
predetermined dimension, and the second coil pieces provided on the above-described laminate can be 
reliably, easily connected to the top surfaces of connection layers exposed at the top surface of the coil 
insulating layer. 
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THIN FILM MAGNETIC HEAD AND METHOD FOR MANUFACTURING THE SAME 



BACKGROUND OF THE INVENTION 
5 1. Field of the Invention 

The present invention relates to a thin film magnetic 
head for recording used in, for example, a floating magnetic 
head. m particular, the present invention relates to a thin 
film magnetic head and a method for manufacturing the same, 
10 wherein first coil pieces and second coil pieces provided one 
above the other with a magnetic layer therebetween are 
electrically connected to each other with reliability and 
with ease, and the magnetic layer can be provided on a 
flattened surface. 
15 2 . Description of the Related Art 

Each of known documents, Japanese Unexamined Patent 
Application Publication No. 11-273028, Japanese Unexamined 
Patent Application Publication No. 2000-311311, Japanese 
Unexamined Patent Application Publication No. 2002-170205, 
20 and US 6,335,846 Bl, discloses a configuration of a coil ' 

layer wound in a toroidal shape around a core constituting an 
inductive head (recording head) . 

Preferably, the above -described coil layer is allowed to 
have a toroidal shape in order to make full use of a three- 
25 dimensional space around the above -described core and, 

thereby, it is expected that miniaturization of the inductive 
head can be realized and the magnetization efficiency becomes 
excellent. 
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However, the toroidal coil structures described in the 
above-described patent documents have the following problems. 

Each of these documents describes that lower coil layers 
provided under a core layer (for example, an upper core 
5 layer) and upper coil layers provided on the above-described 
core layer are electrically connected via connection layers, 
and this connection layer is formed by. for example, digging 
a through hole connected to the above -described lower coil 
layer in an insulating layer provided on the lower coil layer 
10 and. thereafter, growing a layer of plating from this through 



hole. 



However, a plurality of lower coil layers, described 
above, are densely provided in a narrow region, and the two- 
dimensional size of the above-described connection layer is 
15 smaller than the width of the lower coil layer in each 

document. Consequently, it is practically difficult to form 
the through hole connected to each lower coll layer if 
significantly high-precise etching technique is not available. 
Furthermore, the above -described etching has a high risk of 
20 damaging the lower coil layer. 

With respect to the growth of the connection layer by 
plating from the above -described through hole, if the above- 
described through hole is not properly dug to reach the top 
surface of the lower coll layer, growth of plating cannot be 
25 appropriately performed. If formation of the above -de scribed 
connection layer by plating is terminated, for example, 
midway through the above -described through hole, electrical 
connection to the upper coil layer tends to become unstable. 



The top surface of the Insulating layer provided on the 
above-described lower coil layer is undulated due to, for 
example, height difference between the above -described lower 
coil layer and the lower core layer. Since the upper core 
5 layer must be formed on the top surface of the above- 
described insulation layer having such undulations, the 
above-described upper core layer cannot be patterned into a 
predetermined shape. In addition, it is essentially 
difficult to form the above-described through hole having a 
10 predetermined shape in the Insulating layer having 

undulations. Furthermore, since the upper coil layers 
provided on the above-described upper core layer with another 
insulating layer therebetween are also provided on a surface 
having undulations, electrical connection between the above- 
15 described upper coil layers and the lower coil layers via the 
connection layers tends to become unstable. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention is for overcoming the 
20 above-described known problems. In particular, it is an 
object of the present invention to provide a thin film 
magnetic head and a method for manufacturing the same, 
wherein first coil pieces and second coil pieces provided one 
above the other with a magnetic layer therebetween are 
25 electrically connected to each other with reliability and 
with ease, and the above -described magnetic layer can be 
provided on a flattened surface. 

A thin film magnetic head according to an aspect of the 
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present invention includes a protuberance layer having a 
predetermined length in the height direction from a surface 
facing a recording medium and a back gap layer located at a 
predetermined distance in the height direction from the rear 
5 end surface in the height direction of the above -described 
protuberance layer, each provided on a lower core layer 
extending in the height direction from the above-described 
facing -surface side, a magnetic layer connecting between the 
above -described protuberance layer and the back gap layer, 
10 and a coil layer wound in a toroidal shape around the above- 
described magnetic layer; wherein a plurality of first coil 
pieces extending in the direction intersecting the above- 
described magnetic layer are provided at predetermined 
spacings in the height direction in a space enclosed with the 
15 above- described lower core layer, the above-described 

protuberance layer, and the back gap layer, connection layers 
are provided while protruding from the end portions in the 
track-width direction of each first coil piece, and the 
above -described first coil pieces are covered with a coll 
20 insulating layer; all of the top surface of the above- 
described coil insulating layer, the top surface of the 
above -described protuberance layer, the top surface of the 
above -described back gap layer, and the top surfaces of the 
above -described connection layers are provided as the same 
25 flattened surface; the above- described magnetic layer is 

provided on the flattened surface of the above-described coil 
insulating layer, the protuberance layer, and the back gap 
layer; a plurality of second coil pieces crossing over the 
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above-described magnetic layer are provided on the above- 
described magnetic layer with an insulating layer 
therebetween; and the end portions in the track-width 
direction of each second coil piece are electrically 
5 connected to the top surfaces of connection layers exposed at 
the above-described flattened surface, and the end portions 
of the above-described first coil pieces adjacent to each 
other are connected via the above-described second coll 
Pieces, so that the above-described coil layer wound in a 
10 toroidal shape is provided. 

In the above-described aspect, the above -described first 
coil pieces are provided in the space enclosed with the lower 
core layer, the protuberance layer, and the back gap layer, 
the top surface of the coll insulating layer covering the 
15 above-described first coil pieces is provided as a flattened 
surface, and the top surfaces of the connection layers 
protruding from the end portions of the above -described first 
coil pieces are exposed at surfaces flush with this flattened 



surface . 

20 



Therefore, the magnetic layer provided on the above- 
described coil insulating layer can be formed on the 
flattened surface, and the above-described magnetic layer can 
be thereby formed into a predetermined shape. As a result, 
the track width Tw can have a predetermined dimension, and 
25 the second coil pieces provided on the above -described 

magnetic layer and the top surfaces of the connection layers 
exposed at the top surface of the above -de scribed coil 
insulating layer can be reliably, easily connected. Since 
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the top surfaces of the coil insulating layer and the 
connection layers are flattened, slimming of the whole thin 
film magnetic head can be achieved. 

In a thin film magnetic head according to another aspect 
5 of the present invention, a plurality of first coil pieces 
extending in the direction intersecting the above -described 
magnetic layer are provided in a space enclosed with the 
above-described lower core layer, the above-described 
protuberance layer, and the back gap layer, and the above- 
10 described first coil pieces are covered with a coil 

insulating layer; the above -described magnetic layer is 
provided on the above-described coil insulating layer, the 
protuberance layer, and the back gap layer, the above- 
described magnetic layer is covered with an insulating layer 
15 having the top surface provided as a flattened surface; a 
plurality of second coil pieces crossing over the above - 
described magnetic layer are provided on the flattened 
surface of this insulating layer; and the top surfaces of 
connection layers electrically connected to the end portions 
20 in the track-width direction of each first coil piece are 

exposed at surfaces flush with the above -described flattened 
surface, the end portions in the track-width direction of 
each second coil piece are electrically connected to the top 
surfaces of the above -described connection layers and, 
25 thereby, the end portions of the above-described first coll 
pieces adjacent to each other are connected via the above- 
described second coil pieces, so that the above-described 
coil layer wound in a toroidal shape is provided. 



In the present aspect, the insulating layer covering the 
above-described magnetic layer is provided as a flattened 
surface, and the top surfaces of the connection layers 
electrically connected to the end portions in the track-width 
5 direction of each first coll piece are exposed at surfaces 
flush with this flattened surface. 

Consequently, the second coil piece provided on the 
above-described insulating layer can be formed into a 
predetermined shape and, in addition, the second coil pieces 
10 and the first coll pieces can be electrically connected via 
the connection layers with reliability and with ease. in the 
present aspect, there is a further advantage in that 
insulation between the above -described second coil pieces and 
the above-described magnetic layer can be excellently 
15 maintained. 

In a thin film magnetic head according to another aspect 
of the present invention, a plurality of first coll pieces 
extending in the direction intersecting the above -de scribed 
magnetic layer are provided in a space enclosed with the 
20 above-described lower core layer, the above -described 

protuberance layer, and the back gap layer, lower connection 
layers are provided while protruding from the end portions in 
the track-width direction of each first coil piece, and the 
above-described first coil pieces are covered with a coil 
25 insulating layer; all of the top surface of the above- 
described coil insulating layer, the top surface of the 
above-described protuberance layer, the top surface of the 
above-described back gap layer, and the top surfaces of the 
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above -described lower connection layers are provided as the 
same flattened surface; the above- described magnetic layer is 
provided on the above -described flattened surface of the 
above-described coil insulating layer, the protuberance layer, 
5 and the back gap layer, and upper connection layers 
electrically connected to the above- described lower 
connection layers are provided; the above -described magnetic 
layer is covered with an insulating layer having the top 
surface provided as a flattened surface, and the top surfaces 
10 of the above -described upper connection layers are exposed at 
surfaces flush with the above- described flattened surface; 
and a plurality of second coil pieces crossing over the****" 
above -described magnetic layer are provided on the flattened 
surface of the above-described Insulating layer, the end 
15 portions in the track-width direction of each second coll 
piece are electrically connected to the upper connection 
layers exposed at the above -described flattened surface, and 
the end portions of the above -described first coil pieces 
adjacent to each other are connected via the above- described 
20 second coil pieces, so that the above -described coll layer 
wound in a toroidal shape is provided. 

In the present aspect, the top surface of the coil 
insulating layer covering the above -described first coil 
pieces is provided as a flattened surface, the top surface of 
25 the lower connection layers electrically connected to the end 
portions of the above -described first coil pieces are exposed 
at surfaces flush with this flattened surface, the top 
surface of the insulating layer covering the top surface of 
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the above-described magnetic layer is provided as a flattened 
surface, and the top surfaces of the upper connection layers 
electrically connected to the above -described lower 
connection layers are exposed at surfaces flush with this 
5 flattened surface. 

Therefore, the magnetic layer provided on the above - 
described coil insulating layer can be formed on the 
flattened surface, and the above -described magnetic layer can 
be thereby formed into a predetermined shape. Consequently, 
10 the track width Tw can have a predetermined dimension. Since 
the second coil pieces provided on the above -described 
insulating layer can be formed on the flattened surface, the 
above-described second coil piece can be formed into a 
predetermined shape and, in addition, the above-described 
15 second coil pieces and the first coil pieces can be 
electrically connected via the connection layers with 
reliability and with ease. 

In the present invention, a laminated structure composed 
of a lower magnetic pole layer, a gap layer, and an upper 
20 magnetic pole layer for serving as the above-described 

magnetic layer in that order from the bottom may be provided 
on the above -described protuberance layer, and a track width 
Tw may be determined by the width dimension in the track- 
width direction of the above -described laminated structure in 
25 the above-described facing-surface. 

In the present invention, the laminated structure 
including a lower magnetic pole layer, a gap layer, and an 
upper magnetic pole layer may be connected to the lower core 
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layer with the above-described protuberance layer 
therebetween in the side of the surface facing the recording 
medium and with the back gap layer therebetween in the height 
direction side. Therefore, the above-described magnetic 
5 layer may be formed into a planar shape on the above - 

described first coil pieces, the track width Tw may easily 
have a predetermined dimension, and reduction of the magnetic 
path length may be achieved. 

In the present invention, the above - described 
10 protuberance layer may be a magnetic pole end layer in which 
at least a lower magnetic pole layer, a gap layer formed from 
a non-magnetic metal material, and an upper magnetic pole 
layer are provided by plating in that order from the bottom 
and in which a track width Tw may be regulated by the width 
15 dimension in the track-width direction in the facing -surface, 
and the above-described magnetic layer may be laminated on 
the above- described magnetic pole end layer. 

In the present invention, the above- described magnetic 
pole end layer may be provided at the end portion of the 
20 above-described lower core layer in the side of the surface 
facing the recording medium, and the above -described magnetic 
layer may serve as the upper core layer connecting the height 
side of the above-described lower core layer and the above- 
described magnetic pole end layer. The above-described first 
25 coil pieces and the above-described second coil pieces may be 
wound around the above -described magnetic layer for serving 
as the upper core layer. 

When the above-described magnetic layer serves as the 
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upper core layer i„ the present invention, preferably, the 
saturation magnetic flu* density of the above-described 
-gnetic layer is lower than that of the above-described 
upper magnetic pole layer in order to prevent magnetic 
5 recording outside the recording track width. 

in the present invention, with respect to at least one 
parr of the above-described first coil pieces adjacent tc 
each other, the distance between the end portions adjacent to 
each other in the height direction of the above -described 
™ first coll pieces is larger than a minium distance between 
the above-described first coll pieces in the region 
overlapping the above-described magnetic layer. 

With respect to an inductive thin film magnetic head, 
preferably, the volume of a magnetic circuit for flowing a 
1= magnetic flu, is reduced and. thereby. Inductance is reduced. 
Conseguently. the length in the height direction of the 
-bove-described magnetic pole layer must be decreased, and 
the distance between the above-described first coll pieces in 
the region overlapping the above -described magnetic layer Is 
20 also decreased. At this time, by increasing the distance 

between the end portions adjacent to each otber in the height 
direction of the above-described first coll piece*, as in the 
present invention, the end portions of the above-described 
first coll pieces and the end portions of the above-described 
25 second coil pieces can be easily, reliably connected. 

When the above-described plurality of first coil pieces 
include portions parallel to each other in the region 
overlapping the above-described magnetic layer, the magnetic 
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field induced from the above- described coil layer to the 
above -described magnetic layer is preferably stabilized. 

With respect to at least one pair of the above -described 
second coil pieces adjacent to each other, preferably, the 
5 distance between the end portions adjacent to each other in 
the height direction of the above -de scribed second coil 
pieces is larger than a minimum distance between the above^ 
described second coil pieces in the region overlapping the 
above-described magnetic layer for a similar reason. 
!0 In this case as well, preferably, the above -described 

plurality of second coil pieces include portions parallel to 
each other in the region overlapping the above -described 
magnetic layer. 

In the present invention, preferably, the length 
15 dimension of the above -described second coil piece in a first 
direction orthogonal to the direction of a current flow is 
larger than the length dimension of the above -described first 
coil piece in the above -described first direction, and the 
film thickness of the above -described second coil piece is 
20 larger than the film thickness of the above-described first 
coil piece in order to reduce the heat generation of the 
above -de scribed coil layer. 

A method for manufacturing a thin film magnetic head 
according to another aspect of the present invention includes 
25 the steps of (a) forming a lower core layer extending in the 
height direction from the side of a surface facing a 
recording medium, (b) forming a coil insulating substrate 
layer on the above -described lower core layer and, thereafter, 
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forming a plurality of first ooll pleces ^ ^ ^ 
faction intersecting tee above-described height direction 
at predetermined spacing* m the height direction, on the 
above-described coil insulating substrate layer in a 
5 predetermined region. ,c, forcing a protuberance layer from 
the above-described facing- surface toward the height 
direction on the above-described lower core layer while the 
location of the protuberance layer is suitable for avoiding 
contact with the above-described first coil pieces, forcing a 
back gap layer on the above-described lower core layer while 
the location of the back gap layer Is at a distance in the 
height direction from the rear end surface in the height 
direction of the above-desorlbed protuberance layer and is 
suitable for avoiding contact with the above -described first 
15 con pieces, and forming connection layers protruding from 
the end portions in the track-width direction of each first 
=oll Piece, (d, covering the above-described first ooll 
Pieces with a ooll insulating layer and. thereafter 
polishing the above-described coil insulating layer, the 
20 protuberance layer, the back gap layer, and the connection 
layers until the top surface of the above-described 
protuberance layer, the top surface of the above-described 
con insulating layer, the top surface of the back gap layer 
and the top surfaces of the connection layers are provided as 
« the same flattened surface. <e, forming a magnetic layer on 
the above-described flattened surface of the above-described 
coll insulating layer, the protuberance layer, and the back 
sap layer to connect between the above-described protuberance 
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layer and the back gap layer, and (f ) forming an insulating 
layer on the above-described magnetic layer, forming a 
plurality of second coil pieces on this insulating layer 
while the secon4 coil pieces cross over the above-described 
5 magnetic layer, connecting the end portions in the track- 
width direction of each second coil piece to the top surfaces 
of the connection layers exposed at the above -de scribed 
flattened surface, and connecting the end portions of the 
above -described first coil pieces adjacent to each other via 
10 the above -described second coil pieces, so that a coil layer 
wound in a toroidal shape is provided. 

According to the method for manufacturing a thin film 
magnetic head of the present aspect, the above- described 
first coil pieces are formed on the lower core layer with the 
15 coil insulating substrate layer therebetween in the above- 
described step (b), and the protuberance layer, the back gap 
layer, and the connection layers axe formed in the above - 
described step (c) . Consequently, after the above -described 
first coil pieces are covered with the coil insulating layer, 
20 a polishing step can be performed in order that the top 

surface of the above -described protuberance layer, the top 
surface of the above -described coil insulating layer, the top 
surface of the back gap layer, and the top surfaces of the 
connection layers are provided as the same flattened surface 
25 in the above-described step (d). 

As a result, the magnetic layer can be formed on the 
above -described flattened coil insulating layer, protuberance 
layer, and back gap layer to connect between the protuberance 
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layer and the bac* gap layer in the above-described step (e) 
Since the above -described magnetic layer can be formed into a 
Predetermined shape and. in addition, the top surfaces of the 
above-described connection layers are exposed at the same 
5 flattened surface as the top surface of the above-described 
coil insulating layer, the end portions in the traclc-width 
direction of the above-described second coll pieces can be 
electrically connected to the top surfaces of the above- 
described connection layers with reliability and with ease in 
10 the above-described step (f ) . 

in the present aspect, preferably, the above-described 

protuberance layer, the back gap laver ™„ -„ 

gap xayer, and the connection 

layers are simultaneously fo^ed from the saa* material in 
the above-described step (c) in order to speed up the 
15 manufacturing process and facilitate the formation of the 
above-described connection layers. 

in the present aspect. Instead of the above -described 
etep <f>. the manufacturing method may include the steps of 
(9) forming upper connection layers on the above-described 
20 connection layers while the upper connection layers extend to 
the locations higher than the top surface of the above- 
described magnetic layer. ,h, covering the above-described 
magnetic layer with an insulating layer and. thereafter 
Polishing the above-described insulating layer and the upper 
25 connection layers until the top surfaces of the above- 
described upper connection layers and the top surface of the 
above-described insulating layer are provided as the same 
flattened surface, and (1, f oxmlng a plurallty o£ S60Qnd 
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pieces on the flattened surface of the above -described 
insulating layer while the second coil pieces cross over the 
above- described magnetic layer, connecting the end portions 
in the track-width direction of each second coil piece to the 
5 top surfaces of the upper connection layers exposed at the 
above-described flattened surface, and connecting the end 
portions of the above -described first coil pieces adjacent to 
each other via the above-described second coil pieces, so 
that a coil layer wound in a toroidal shape is provided. 
10 In the present aspect, the polishing step is performed 

until the top surfaces of the above -described upper 
connection layers are provided as the same flattened surface 
as the top surface of the insulating layer covering the 
above -described magnetic layer. As a result, the above - 
15 described second coil pieces can be formed on the flattened 
surface and, in addition, the end portions of the above- 
described second coil pieces can be electrically connected to 
the end portions of the above -described first coil pieces via 
the upper connection layers and the connection layers with 
20 reliability and with ease. 

According to the present invention described above in 
detail, the first coil pieces are provided in the space 
enclosed with the lower core layer, the protuberance layer, 
and the back gap layer, the top surface of the coil 
25 insulating layer covering the above -described first coil 
pieces is provided as a flattened surface, and the top 
surfaces of the connection layers protruding from the end 
portions of the above -described first coil pieces are exposed 
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at surfaces flush with this flattened surface. 

Therefore, the magnetic pole layer provided on the 
above-described coil insulating layer can be formed on the 
flattened surface, and the above -described magnetic pole 
5 layer can be thereby formed into a predetermined shape. As a 
result, the track width Tw can have a predetermined dimension, 
and the second coil pieces provided on the above -described 
magnetic pole layer and the top surfaces of the connection 
layers exposed at the top surface of the above-described coil 
10 insulating layer can be reliably, easily connected. 

Furthermore, the insulating layer can be provided as a 
flattened surface on the above -de scribed magnetic pole layer, 
and the top surfaces of the upper connection layers 
electrically connected to the above-described connection 
15 layers (lower connection layers) can be exposed at this 
flattened surface. m such a case, the above-described 
second coil pieces can be formed on the flattened surface, 
the second coil piece can be formed into a predetermined 
shape and, in addition, the above-described second coil 
20 pieces can be further reliably, easily connected to the top 
surfaces of the above -described upper connection layers. 

Furthermore, by increasing the distance between the end 
portions adjacent to each other in the height direction of 
the above-described first coil pieces and/or the above- 
25 described second coil pieces, as in the present invention, 

the end portions of the above -described first coil pieces and 
the end portions of the above -described second coil pieces 
can be easily, reliably connected. 
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When a plurality of the above -described first coil 
pieces and/or the above -described second coil pieces include 
portions parallel to each other in the region overlapping the 
above -described magnetic pole layer, the magnetic field 
induced from the above -described coil layer to the above- 
described magnetic pole layer is stabilized. 

Embodiments of the present invention will now be 
described, by way of example, with reference to the 
accompanying diagrammatic "drawings, in which: 

Fig. 1 is a vertical sectional view showing the 
structure of a thin film magnetic head according to a first 
embodiment of the present invention; 

Fig. 2 is a partial front view of the thin film magnetic 
head shown in Fig. 1; 

Fig. 3 is a partial plan view showing a coil shape of a 
coil layer of the thin film magnetic head shown in Fig. 1; 

Fig. 4 is a partial perspective view of the magnified 
thin film magnetic head shown in Fig. 1; 

Fig. 5 is a partial front view showing the structure of 
a thin film magnetic head according to a second embodiment of 
the present invention; 

Fig. 6 is a partial front view showing the structure of 
a thin film magnetic head according to a third embodiment of 
the present invention; 

Fig. 7 is a partial front view showing the structure of 
a thin film magnetic head according to a fourth embodiment of 
the present invention; 

Fig. 8 is a diagram showing a step of a method for 
manufacturing the thin film magnetic head shown in Fig. 1 
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according to the present invention; 

Fig. 9 is a diagram showing a step performed following 
the step shown in Fig. 8; 

Fig. 10 is a diagram showing a step performed following 
5 the step shown in Fig. 9; 

Fig. 11 is a diagram showing a step performed 
simultaneously with the step shown in Fig. 10; 

Fig. 12 is a diagram showing a step performed following 
the step shown in Fig. 10; 
10 Fig. 13 is a diagram showing a step performed 

simultaneously with the step shown in Fig. 12; 

Fig. 14 is a diagram showing a step performed following 
the step shown in Fig. 12; 

Fig. 15 is a diagram showing a step performed following 
15 the step shown in Fig. 14; 

Fig. 16 is a diagram showing a step performed following 
the step shown in Fig. 15; 

Fig. 17 is a diagram showing a step of a method for 
manufacturing the thin film magnetic head shown in Fig. 6 
20 according to the present invention; 

Fig. 18 is a diagram showing a step performed following 
the step shown in Fig. 17; 

Fig. 19 is a diagram showing a step performed following 
the step shown in Fig. 18; 
25 Fig. 20 is a vertical sectional view showing the 

structure of a thin film magnetic head according to a fifth 
embodiment of the present invention; 

Fig. 21 is a partial front view showing the structure of 
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the thin film magnetic head according to the fifth embodiment 
of the present invention; 

Fig. 22 is a partial plan view showing a coil shape of a 
coil layer of a thin film magnetic head of the present 
5 invention; 

Fig. 23 is a partial plan view showing a coil shape of a 
coil layer of a thin film magnetic head of the present 
invention; 

Fig. 24 is a partial plan view showing a coil shape of a 
10 coll layer of a thin film magnetic head of the present 
invention; 

Fig. 25 is a partial plan view showing a coil shape of a 
coil layer of a thin film magnetic head of the present 
invention; 

15 Fig. 26 is a partial plan view showing a coil shape of a 

coil layer of a thin film magnetic head of the present 
invention; 

Fig. 27 is a partial vertical sectional view showing the 
structure of a thin film magnetic head according to a sixth 
20 embodiment of the present invention; 

Fig. 28 is a partial front view of the thin film 
magnetic head shown in Fig. 27; 

Fig. 29 is a partial front view showing the structure of 
a thin film magnetic head according to a seventh embodiment 
25 of the present invention; and 

Fig. 30 is a partial front view showing the structure of 
a thin film magnetic head according to an eighth embodiment 
of the present invention. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 1 is a partial vertical sectional view showing the 
structure of a thin film magnetic head according to the first 
5 embodiment of the present invention. Fig. 2 is a partial 
front view of the thin film magnetic head shown in Fig. l 
wherein a protuberance layer 32, a protective layer 60, an MR 
head, and the like are not shown in the diagram, and a first 
coil piece, a second coil piece, and the like provided at the 
10 locations closest to a surface facing a recording medium are 
viewed from the side of the surface facing the recording 
medium. Fig. 3 is a partial plan view showing a coil 
- structure of the thin film magnetic head shown in Fig. 1. 
Fig. 4 is a partial perspective view of a magnified part of 
15 the structure of the thin film magnetic head shown in Fig. 1. 
Hereafter the X direction shown in the drawing is 
referred to as the track-width direction, and the Y direction 
shown in the drawing is referred to as the height direction. 
The Z direction shown in the drawing is the direction of 
20 movement of the recording medium (magnetic disk) . A front 
end surface (a leftmost surface shown in Fig. 1) of the thin 
film magnetic head is referred to as "a surface facing a 
recording medium". With respect to each layer, "a front end 
surface- refers to a left -side surface shown in Fig. 1. and 
25 -a rear end surface" refers to a right-side surface shown in 
Fig. 1. 

The thin film magnetic head described with reference to 
the drawings is a thin film magnetic head including a 
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combination of a recording head (may be referred to as an 
inductive head) and a playback head (may be referred to as an 
MR head). However, the thin film magnetic head may be simply 
composed of the recording head. 
5 Reference numeral 20 denotes a substrate formed from 

alumina- titanium carbide (Al 2 0 3 -TiC) or the like, and an 
A1 2 0 3 layer 21 is provided on the above -described substrate 
20. 

A lower shield layer 22 formed from a NiFe- based alloy, 
10 sendust, or the like is provided on the above-described A1 2 0 3 
layer 21, and a lower gap layer 23 formed from A1 2 0 3 or the 
like is provided on the above -described lower shield layer 22. 

A magnetoresistance effect element 24 typified by a GMR 
element, e.g., a spin -valve type thin film element, having a 
15 predetermined length in the height direction (the Y direction 
shown in the drawing) from the surface facing the recording 
medium is provided on the above -described lower gap layer 23. 
Electrode layers 25 long- extending in the height direction 
(the Y direction shown in the drawing) are provided in both 
20 sides of the above -de scribed magnetoresistance effect element 
24 in the track-width direction (the X direction shown in the 
drawing) . 

An upper gap layer 26 formed from A1 2 0 3 or the like is 
provided on the above -described magnetoresistance effect 
25 element 24 and the electrode layers 25, and an upper shield 
layer 27 formed from a NiFe-based alloy or the like is 
provided on the above -described upper gap layer 26. 

The layers from the above -described lower shield layer 
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22 to the above-described upper shield layer 27 are referred 
to as the playback head (may be referred to as the MR head) . 

As shown in Fig. 1, a separation layer 28 formed from 
A1 2 0 3 or the like is provided on the above-described upper 
5 shield layer 27. The above -described upper shield layer 27 
and the separation layer 28 may not be provided, and a 
following lower core layer 29 may be provided on the above- 
described upper gap layer 26. In such a case, the above- 
described lower core layer 29 doubles as the upper shield 
10 layer. 

In Fig. l, the lower core layer 29 is provided on the 
above-described separation layer 28. The above-described 
lower core layer 29 is formed from a magnetic material, e.g.. 
a NiFe-based alloy. The above-described lower core layer 29 
15 has a predetermined length dimension in the height direction 
(the Y direction shown in the drawing) from the surface 
facing the recording medium. A non-magnetic insulating 
material layer 31 is provided at the rear in the height 
direction of the rear end surface 29a of the above-described 
20 lower core layer 29 and in both sides of the above-described 
lower core layer 29 in the track- width direction (the X 
direction shown in the drawing). As shown in Fig. 1, the 
surface of each of the above -described lower core layer 29 
and the non-magnetic insulating material layer 31 is a 
25 continuous flattened surface. 

The protuberance layer 32 having a predetermined length 
LI (refer to Fig. 4) in the height direction (the Y direction 
shown in the drawing) from the surface facing the recording 
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medium is provided on the above-described lower core layer 29 
A back gap layer 33 is provided on the above -de scribed lower 
core layer 29 while the location of the back gap layer is at 
a predetermined distance in the height direction (the Y 
5 direction shown in the drawing) from the rear end surface 32a 
in the height direction of the above-described protuberance 
layer 32. 

The above -described protuberance layer 32 and the back 
gap layer 33 are formed from a magnetic material, and these 
10 may be formed from the same material as that for the above- 
described lower core layer 29 or be formed from another 
material. Each of the above -described protuberance layer 32 
and the back gap layer 33 may be a single layer or may has a 
multilayer laminated structure. The above- described 
15 protuberance layer 32 and the back gap layer 33 are 

magnetically connected to the above -described lower core 
layer 29. 

As shown in Fig. l, a coil insulating substrate layer 34 
is provided between the above -described protuberance layer 32 
20 and the back gap layer 33 on the lower core layer 29. and a 
plurality of first coil pieces 55 parallel to each other are 
provided on the above- described coil Insulating substrate 
layer 34 while the first coil pieces 55 are extended parallel 
to the track-width direction (the X direction shown in the 
25 drawing) and are arranged side by side in the height 

direction, as shown in Fig. 3. Each of the first coil pieces 
55 may be extended in the track-width direction (the X 
direction shown in the drawing) while being inclined toward 
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the height direction. 

The above-described first coil pieces 55 are covered 
with a coil insulating layer 36 formed from an inorganic 
insulating material, e.g., A1 2 0 3 . As shown in Fig. 1, the 
5 top surface of the above -described protuberance layer 32, the 
top surface of the coil insulating layer 36, and the top 
surface of the back gap layer 33 are a continuous flattened 
surface along the reference surface A shown in Fig. 1. 

As shown in Fig. 2 and Fig. 3, connection layers 61 
10 having electrical conductivity are provided as protrusions in 
the track-width direction (the X direction shown in the 
drawing) on the end portions 55a of the above -described first 
coil pieces 55. The two-dimensional shape (that is. the 
shape of a surface cut from the direction parallel to the X-Y 
15 plane) of the above-described connection layer 61 can be 
selected from various shapes, e.g., an ellipse as shown in 
Pig. 3. a circle, a square, a rectangle, and a rhombus. 
Preferably, the above -described connection layer 61 is formed 
from the same material as that for the above -described 
20 protuberance layer 32 and the back gap layer 33 from the 

viewpoint of the manufacturing process, as described below. 
However, the material may be different from that for the 
above-described protuberance layer 32 and the back gap layer 
33. The above-described connection layer 61 may have a 
25 single-layer structure or a multilayer laminated structure. 
The above-described connection layers 61 are in the condition 
of being electrically connected to the end portions 55a of 
the above-described first coil pieces 55. The term 
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"electrically connected- refers to a condition in „ hich there 
is electrical continuity between t„„ layers regardless of 
direct connection or indirect connection. Hereafter the same 
holds true. 

with respect to the above-described connection layers 61 
as is clear from Pig. 3. the first coil piece 55 provided at 
the location closest to the surface facing the recording 
medium is provided with the above-described connection layer 
61 simply on the upper . side end ^ ^ ^ 

10 and other first coll pieces 55 are provided with the above- 
described connection layers 61 on both end portions in the 
track-width direction (the x direction shown in the drawing,. 

As shown in Pig. 2 . the top surfaoM ^ Qf ^ 
connection layers 61 provided on the end portions 55a in the 
15 track-width direction <the X direction shown in the drawing, 
of each first coll piece 55 are flush with the above- 
described reference surface A. That is. with respect to the 
thin film magnetic head shown in Pig. x. all of the top 
surface „f the above-described protuberance layer 32. the top 
20 surface of the coll Insulating layer 36. the top surface of 
the back gap layer 33. and the top surfaces 61a of the 
connection layers 61 are provided as the same flattened 
surface . 

As shorn, in Pig. 1. a Gd-deterMlning layer 36 is 
« provided from the location at a predetermined distance in the 
height direction (the V direction shown in the drawing, from 
the above-described surface facing the recording medium 
toward the height direction on the flattened surface of the 
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above-descrihed protuberance layer ^ ^ ^ ^ ^ 
layer 36. 



in the embodiment shown in P ig . u t he £ront enfl 
38* of the above-descrioed Gd-determining layer 38 is located 
5 on the protuberance layer 3 2 . and the rear ena eur£ ^ 38b ^ 
the above-described Gd-determinl»g layer 3 8 ia looatad on ^ 
eon insulating l aye r 36. 

As shown in Pi g . 2 . a lower Mgnetlc pole ^ 39 _ 
9 np layer 40 _ provlded in that ^ from ^ bottom m 

the protuherance layer 3 2 f x „m the surface facing the 
-cording medium to the ahove-descrihed front end surface 3 8a 
of the ahove-descrihed Gd-detennlning layer 38. „„ the coll 
Insulating layer 3 6 from the rear end surface 38h of the 
ahove-descrihed Gd-determining layer 38 toward the height 
dlreCti0n - 00 thS °»°ve-descrioed bac* gap layer 33. The 

ahove-descrihed lower magnetic pole layer 39 and the gap 
layer 40 are provided b y plating. 

As shown l» Pig . 1# an • upper magnetic pole layer 41 for 
serving as a magnetic layer in the present invention is 
- provided hy plating on the ahove-descrihed gap layer 40 and 
the Gd-determining layer 38. and an upper core layer 42 Is 
Provided b y plating on the ahove-descrihed upper magnetic 
Pole layer 41. ^ ahove-descrihed upper magnetic pole layer 
4! is directly or indirectly connected to the ahove-descrihed 
lower core layer 2 g with the ahove-descrihed hac* gap layer 
33 therebetween. Th. above-described lower magnetic pole 
layer 3,. the gap layer 40. and the upper magnetic pole l ayer 
« constitute a laminated structure of the present invention. 
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In the present embodiment, a laminate 62 is composed of 
four layers of the above-described lower magnetic pole layer 
39, the gap layer 40, the upper magnetic pole layer 41, and 
the upper core layer 42. 
5 As shown in Fig. 1 and Fig. 2. an insulating layer 58 

formed from an insulating material, e.g., A1 2 0 3 . is provided 
on the above-described upper core layer 42. Preferably, the 
above-described insulating layer 58 is formed from an 
inorganic Insulating material. This insulating layer 58 is 
10 also provided on the coil insulating layer 36 extending in 
both sides of the above-described laminate 62 in the track- 
width direction (the X direction shown in the drawing). As 
shown in Fig. 2, insulating layers 63 formed from an organic 
insulating material, e.g., a resist, are provided over both 
15 end portions in the track-width direction (the X direction 

shown in the drawing) of the above -described insulating layer 
58 and both sides in the track-width direction of the above - 
described laminate 62. The insulating layer 58 formed from 
the inorganic insulating material is provided by a sputtering 
20 method or the like. Since the above -described Insulating 
layer 58 can have a film thickness smaller than that of the 
insulating layer 63 formed from the organic insulating 
material, the laminate 62 and the second coil pieces 56 
described below can be brought close to each other, and the 
25 magnetization efficiency can be increased. In addition, 
insulation between the above -described laminate 62 and the 
second coil pieces 56 can be excellently maintained in both 
sides of the above-described laminate 62 in the track-width 
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direction . 

As shown in Fig. 1 to Fig. 3. a plurality of second coil 
pieces 56 parallel to each other are provided on the above- 
described insulating layers 58 and 63 while being arranged 
5 side by side in the height direction. The second coll pieces 
56 are extended in the track-width direction (the X direction 
shown in the drawing) while being inclined toward the height 
direction (the Y direction shown in the drawing). Each of 
the second coil pieces 56 may be provided while being 
10 extended in the direction parallel to the track-width 
direction (the X direction shown in the drawing). 

As shown in Fig. 3, the above -described first coil 
pieces 55 and the second coll pieces 56 are non-parallel to 
each other. As shown in Fig. 2 and Fig. 3. the left end 
15 portion 55a in the track-width direction of the first coil 
piece 55 and the left end portion 56a in the track -width 
direction of the second coil piece 56 face each other in the 
film thickness direction (the Z direction shown in the 
drawing) of the laminate 62. and the left end portion 55a and 
20 the left end portion 56a are electrically connected to each 
other via the connection layer 61. The right connection 
layer 61 indicated by a dotted line shown in Fig. 2 
electrically connects the right end portion of the first coil 
piece 55 located at the back (the Y direction shown in the 
25 drawing) of the first coil piece 55 visible in the drawing 
and the right end portion 56b of the second coil piece 56 
visible in the drawing. 

As described above, in the thin film magnetic head shown 
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in Fig. 1. the end portion in the track-width direction of 
the first coil piece 55 and the end portion in the track- 
width direction of the second coil piece 56 facing one above 
the other in the film thickness direction of the above- 
5 described laminate 62 are electrically connected to each 
other via the connection layer 61 and. thereby, a toroidal 
coil structure 57 is provided. 

A layer denoted by reference numeral 60 shown in Pig. i 
is a protective layer formed from Al 2 o 3 or the like, and a 
10 layer denoted by reference numeral 59 shown in Fig. 1 and Fig. 
3 is a lead layer. The above -described lead layer 59 is 
integrally formed with the second coil P l ece 56 located at 
the front end in the height direction. 

The features of the thin film magnetic head shown in Fig. 
15 1 will be described below. 

in the thin film magnetic head shown in Fig. l, the 
Plurality of first coil pieces 55 are provided in the space 
enclosed with the above-described lower core layer 29, the 
protuberance layer 32, and the back gap layer 33. The space 
20 in which the above-described first coil pieces 55 can be 
provided is appropriately formed by protruding the 
protuberance layer 32 and the back gap layer 33 on the above- 
described lower core layer 29. In particular, when the 
above-described protuberance layer 32 and the back gap layer 
25 33 are provided by plating, the above -described protuberance 
layer 32 and the back gap layer 33 can have large thicknesses. 
Consequently, the space enclosed with the above-described 
lower core layer 29. the protuberance layer 32. and the back 
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gap layer 33 is allowed to become wide, and the above- 
described first coil pieces 55 having predetermined film 
thicknesses are easily provided. 

The connection layers 61 are protruded from the end 
5 portions 55a in the track-width direction of each first coil 
piece 55. The top surfaces of the connection layers 61 are 
flush with the top surface of the above -described 
protuberance layer 32. the top surface of the back gap layer 
33, and the top surface of the coil insulating layer 36 and, 
10 therefore, the top surfaces of the above-described connection 
layers 61 are in the condition of being exposed at the above- 
described flattened surface. 

Consequently, in the thin film magnetic head shown in 
Fig. 1, the laminate 62 provided on the above-described 
15 protuberance layer 32. the coil insulating layer 36, and the 
back gap layer 33 can be formed on the above -de scribed 
flattened surface, and the above-described laminate 62 can be 
formed into a predetermined shape. Therefore, the track- 
width dimension Tw determined by the width dimension in the 
20 track-width direction (the X direction shown in the drawing) 
of the upper magnetic pole layer 41 of the above-described 
laminate 62 in the surface facing the recording medium can be 
highly precisely adjusted at a predetermined dimension. In 
the present embodiment, the above-described track width Tw 
25 can be adjusted at within the range of 0.1 urn to 0.3 urn. 

In the thin film magnetic head shown in Fig. 1. since 
the top surfaces 61a of the above- described connection layers 
61 are exposed at the same flattened surface as the above- 
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described coil insulating layer 36, the end portions in the 
track-width direction (the X direction shown in the drawing) 
of the above-described second coil pieces 56 can be 
electrically connected onto the above -described connection 
5 layers 61 with reliability and with ease. Consequently, poor 
electrical contact between the above -described first coil 
pieces 55 and the second coil pieces 56 can be prevented. 

Since all of the top surfaces of the coil insulating 
layer 36, the top surface of the protuberance layer 32, the 
10 top surface of the back gap layer 33. and the top surfaces of 
the connection layers 61 are provided as the same flattened 
surface, the slimming of the whole thin film magnetic head 
can be facilitated. 

Since the above -described laminate 62 having a linear 
15 shape parallel to the layer surface connects between the 

above-described protuberance layer 32 and back gap layer 33 
and, thereby, the magnetic path is provided, reduction of the 
magnetic path length can be realized. Since the magnetic 
path length can be reduced, the speed of magnetic field 
20 reversal can be increased, and a thin film magnetic head 
having excellent high-frequency characteristics can be 
provided. 

The above -described first coil piece 55 and the second 
coil piece 56 are formed from Cu or Au having excellent 
25 electrical conductivity. The above -described connection 

layer 61 may not be formed from the same material as that for 
the above-described first coil piece 55 and the second coil 
piece 56. and may be formed from a magnetic material or the 



- 32 - 



M*e. as long as the material has electrical conductivity 
Preferably. ths above-described connection layer „ ls £onne(J 
rrom the sam e magnetic material as that for the protuberance 

ayer 32. As . result _ ^ above . describea coaneotiM 

can be formed i n the _ step ^ ^ ^ ^ ^ 

described protuberance layer 32 and th- „ v 

* r 32 and the back gap layer 33 and. 
therefore, speednp or the factoring process can be 
achieved . 

As described above, the top surface of the above- 

10 described coll Insulating layer 1( , ... 

g iayer 36 « Provided as a flattened 
surface. Preferably, the above-described coll insulating 
^er 3* is forced fro. an Inorganic insulating Serial 
e.g.. Al 2 o 3 or Sio 2 . ln ord6t to raal±ze ^ 

The shape of the above-described laminate S2 win b e 
described. Plg . 4 ls . ^ ^ _ ^ 

of the above-described laminate 62 . In Flg . 4 . the ^ 
dimensional shape of each of the lower ..agnatic pole layer 3, 
the gap layer 40. the upper magnetic pole layer 41. and the 
upper core layer 42 is composed of a front-end portion B and 
rear-end portion c. The front-end portion B has a 

predetermined width dimension l„ h,. _ , 

... v tension in the track-width direction 

the X direction shown in the drawing, l n the surfaoe 
recording medium, and extends in the height direction 

2S width' <Ure0tl ° n Sh<>Wn ln ^ toWil,9, ^ — 
width dimension. The rear-end portion c has a width in the 

track-width direction gradually increasing from both base 
ends Bl and Bl of the front-end portion B toward the height 
direction (the y direction shown in the drawing, ^ 
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described above, the track width Tw is regulated by the width 
dimension in the track-width direction (the X direction shown 
in the drawing) of the upper magnetic pole layer 41 in the 
surface facing the recording medium. 
5 The above-described front -end portion B may take on a 

shape having a width dimension in the track-width direction 
gradually increasing from the surface facing the recording 
medium toward the height direction. In such a case, the 
rear-end portion C has a width dimension in the track-width 
10 direction further increasing from both base ends Bl and Bl of 
the above -described front -end portion B toward the height 
direction . 

As shown in Fig. 4, a gap depth (Gd) is determined by 
the length in the height direction (the Y direction shown in 
15 the drawing) of the top surface 40a of the above-described 
gap layer 40 from the surface facing the recording medium to 
the above -described Gd-determining layer 38. 

The materials for the lower magnetic pole layer 39 and 
the upper magnetic pole layer 41 will be described. 
20 Preferably, the above-described lower magnetic pole layer 39 
and the upper magnetic pole layer 41 have saturation magnetic 
flux densities Bs higher than those of the upper core layer 
42, the lower core layer 29. the protuberance layer 32, and 
the back gap layer 33. When the lower magnetic pole layer 39 
25 and the upper magnetic pole layer 41 facing the gap layer 40 
have high saturation magnetic flux densities, the recording 
magnetic field can be concentrated in the vicinity of the gap 
and, thereby, the packing density can be improved. 



- 34 - 



As shown ±n Fig. l, the above- described lower magnetic 
pole layer 39 and the upper magnetic pole layer 41 further 
extend rearward of the Gd- determining layer 38 in the height 
direction (the Y direction shown in the drawing) and, 
5 therefore, a region exhibiting a high saturation magnetic 
flux density Bs can be provided at the location close to the 
first coil pieces 55 and the second coil pieces 56. 
Consequently, the magnetic flux efficiency can be improved, 
and a thin film magnetic head having excellent recording 
10 characteristics can be prepared. 

The gap layer 40 shown in Fig. 1 is formed from a non- 
magnetic metal material, and is provided on the lower 
magnetic pole layer 39 by plating. Preferably, the above - 
described non-magnetic metal material is at least one 
15 selected from the group consisting of NiP. NiReP, NiPd, N1W, 
NiMo, NiRh, Au, Pt. Rh. Pd, Ru. and Cr. The gap layer 40 may 
have a single-layer structure or a multilayer structure. 

The laminate 62 shown in Fig. 1 has a four -layer 
structure composed of the lower magnetic pole layer 39, the 
20 gap layer 40. the upper magnetic pole layer 41, and the upper 
core layer 42. However, the laminate 62 may have a three - 
layer structure composed of the lower magnetic pole layer 39. 
the gap layer 40. and the upper magnetic pole layer 41. 

Each of Fig. 5 to Fig. 7 shows a form different from 
25 that indicated by the partial front view of the thin film 

magnetic head shown in Fig. 2. Fig. 5 to Fig. 7 are partial 
front views showing a first coil piece, a second coil piece, 
and the like provided at the locations closest to a surface 
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facing a recording medium while an MR head, a protuberance 
layer 32. a protective layer 60, and the like constituting 
the thin film magnetic head are not shown in the drawing. 
In the thin film magnetic head shown in Fig. 5. in 
5 contrast to that shown in Fig. 2, an insulating layer 63 
formed from an organic insulating material is provided over 
the top surface and the side surfaces of the above -described 
laminate 62 and, in contrast to that shown in Fig. 2, the 
insulating layer 58 formed from inorganic insulating material 
10 is not provided by sputtering on the top surface of the 

above-described laminate 62. The other parts are the same as 
those shown in Fig. 2 and, therefore, the top surfaces 61a of 
the above -described connection layers 61 are flush with the 
top surface of the above -described protuberance layer 32, the 
15 top surface of the back gap layer 33, and the top surface of 
the coil insulating layer 36 in the thin film magnetic head 
shown in Fig. 5 as well. As a result, the above -described 
laminate 62 can be provided on the above -described flattened 
surface, and the above -described laminate 62 can be formed 
20 into a predetermined shape. 

Since the top surfaces 61a of the above-described 
connection layers 61 are exposed at the same flattened 
surface as the above-described coil insulating layer 36, the 
end portions in the track-width direction (the X direction 
25 shown in the drawing) of the above-described second coll 
pieces 56 can be electrically connected onto the above- 
described connection layers 61 with reliability and with ease. 
In the thin film magnetic head shown in Fig. 6, the 
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configuration of the layers under the reference surface A is 
the same as that shown in Fig. 2 . That is. a plurality of 
first coil pieces 55 are provided in a space enclosed with a 
lower core layer 29, a protuberance layer 32, and a back gap 
5 layer 33, and the top surfaces 61a of connection layers 
(hereafter referred to as lower connection layers) 61 
protruding from the end portions 55a in the track-width 
direction (the X direction shown in the drawing) of the first 
coil pieces 55 are flush with the top surface of the above- 
10 described protuberance layer 32, the top surface of the coil 
insulating layer 36, and the top surface of the back gap 
layer 33. 

In Fig. 6 , the above -described laminate 62 having a 
predetermined shape is highly precisely provided on the 
15 flattened surface of the top surface of the protuberance 
layer 32, the top surface of the coil insulating layer 36, 
and the top surface of the back gap layer 33, and first 
lifting layers 70 electrically connected to the above- 
described lower connection layers 61 are provided in both 
20 sides of the above -de scribed laminate 62 in the track-width 
direction (the X direction shown in the drawing). 

For example, this first lifting layer 70 is formed by 
plating from the same material as that for the above- 
described laminate 62 simultaneously with the formation of 
25 the above-described laminate 62. Consequently, the top 

surfaces 70a of the above -described first lifting layers 70 
are provided at the same height as that of the top surface 
62a of the above-described laminate 62. since the above- 
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described laminate 62 has the four-layer structure composed 
of the lower magnetic pole layer 39. the gap layer 40, the 
upper magnetic pole layer 41. and the upper core layer 42. 

the above -described fir«?t- h-f+i*~ -i 

xoea nrst lifting layer 70 also has the four- 

5 layer structure composed of them. i„ the present embodiment, 
since the above- described gap layer 40 is formed by plating 
from electrically conductive NIP. the first lifting layer 70 
can be formed by plating f rom the same material as that for 
the above-described laminate 62 simultaneously with the 
10 formation of the above -described laminate 62. 

Electrically conductive second lifting layers 71 made of 
Co or the like are provided on the above -described first 
lifting layers 70. and the above-described second lifting 
layers 71 and the first lifting layers 70 are electrically 
15 connected. In the present embodiment, the area of the above- 
described first lifting layer 70 in a plane flush with the X- 
* Plane shown in the drawing is larger than the area of the 
above-described lower connection layer 61 in a plane flush 
with the X-Y plane shown in the drawing and the area of the 
20 second lifting layer 71 in a plane flush with the X-Y plane 
shown in the drawing. However, the relationship among the 
values of above-described areas of these layers is not 
specifically limited. 

In Fig. 6, an upper connection layer 72 is composed of 
25 two layers of the above -described first lifting layer 70 and 
the second lifting layer 71. 

As shown in Fig. 6. the top surface and the side 
surfaces in the track-width direction of the above -described 
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laminate 62 are covered with an insulating layer 73 formed 
from an inorganic insulating material, e.g.. A1 2 0 3 , and this 
insulating layer 73 is also provided around the above- 
described upper connection layers 72. 
5 As shown in Pig. 6. the top surface 73a of the above- 

described insulating layer 73 and the top surfaces 72a of the 
above-described upper connection layers 72 are provided as 
the same flattened surface along the reference surface A. 
A plurality of second coil pieces 56 parallel to each 
10 other are provided on the above-described flattened 

insulating layer 73 and upper connection layers 72 while 
being non-parallel to the above -described first coil pieces 
55 and being arranged side by side in the height direction. 
The second coil pieces 56 are extended in the direction 
15 parallel to the track-width direction (the X direction shown 
in the drawing), or are extended in the track-width direction 
while being Inclined toward the height direction (the Y 
direction shown in the drawing) . 

As shown in Fig. 6, the end portions 56a and 56b in the 
20 track-width direction (the X direction shown in the drawing) 
of the above-described second coil pieces 56 are electrically 
connected to the top surfaces 72a of the above -described 
upper connection layers 72 and, thereby, a toroidal coil 
structure composed of the first coil pieces 55, the lower 
25 connection layers 61. the upper connection layers 72, and the 
second coil pieces 56 is constructed. 

In the form shown in Fig. 6, the above -described upper 
connection layers 72 electrically connected to the above- 
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described lower connection layers 61 are provided, the top 
surface 73a of the insulating layer 73 covering the above- 
described laminate 62 is provided as a flattened surface, and 
the top surfaces 72a of the above -de scribed upper connection 
5 layers 72 are exposed at surfaces flush with this flattened 
surface . 

Consequently, the above -described second coil pieces 56 
can be formed on the flattened insulating layer 73 and, 
thereby, the above -described second coil piece 56 can be 
10 formed into a predetermined shape. In addition, the above- 
described connection layers are lifted to the same level as 
that of the locations where the above -de scribed second coil 
pieces 56 are provided, the top surfaces 72a of the above- 
described upper connection layers 72 are exposed at a 
15 reference surface F and, thereby, the end portions 56a and 
56b in the track-width direction of the above -de scribed 
second coil pieces 56 can be electrically connected to the 
above -described upper connection layers 72 with further 
reliability and with ease compared with that in the case 
20 where both sides in the track-width direction of the above- 
described second coil pieces 56 are bended downward and, 
thereby, the above-described second coil pieces 56 are 
connected to the top surfaces of the connection layers (lower 
connection layers) 61 exposed at the reference surface A, as 
25 shown in Fig. 2 and Fig. 5. Furthermore, insulation between 
the above-described second coil pieces 56 and the laminate 62 
becomes more desirable by adopting the form shown in Fig. 6. 
Fig. 7 shows a modified example of the coil structure 
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shown in Fig. 6. In Fig. 7, an upper connection layer 72 
electrically connected to the above -described lower 
connection layer 61 has a single-layer structure. The above- 
described upper connection layer 72 is formed from a 
5 conductive material, e.g.. Cu. in this Fig. 7 as well, in a 
manner similar to that shown in Fig. 6 . the top surfaces 72a 
of the above-described upper connection layers 72 are 
provided as the same flattened surface as the top surface 73a 
of the insulating layer 73 covering the top surface of the 
10 above-described laminate 62. and the top surfaces 72a of the 
above-described upper connection layers 72 are exposed at the 
above-described flattened surface. Consequently, the second 
coil piece 56 can be formed into a predetermined shape and, 
in addition, the end portions 56a and 56b in the track-width 
15 direction of the above -described second coil pieces 56 can be 
electrically connected to the above-described upper 
connection layers 72 with further reliability and with ease. 

The structure of the above -described upper connection 
layer 72 is not limited to the laminated structure of two 
20 layers as shown in Fig. 6 or a single-layer structure as 

shown in Fig. 7. and may be a laminated structure of at least 
three layers . 

In the embodiments shown in Fig. 6 and Fig. 7. both of 
the top surface of the insulating layer 36 and the top 
25 surfaces of the lower connection layers 61 under the laminate 
62 are provided as the same flattened surface along the 
reference surface A. However, with respect to the 
configuration, the relationship between the locations of the 
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top surface of the above-described insulating layer 36 and 
the top surfaces of the lower connection layers 61 may not be 
limited, while at least the top surface 73a of the Insulating 
layer 73 covering the above -de scribed laminate 62 and the top 
5 surfaces 72a of the above -described upper connection layers 
72 are provided as the same flattened surface. 

A method for manufacturing the thin fii* ma gnetic head 
shown in Flg . x will be described below ^ reference ^ ^ 

manufacturing step diagrams shown in Fig. 8 to Fig. i 6 . a 
10 method for forming each layer of the lower core layer 29 to 
the second coil pieces 56 shown in Fig. ! wlll be described . 
Each of the manufacturing step diagrams shown in Fig. 8 to 
Fig. 16 is a vertical sectional view (that is, a sectional 
view showing a cross section parallel to the X- Z plane shown 
15 in the drawing) of the thin fil* mag „ e tic head at some 
midpoint in manufacture. 

In the step shown in Fig. 8 , the lower core layer 29 
made of a NiFe-based alloy or the like is formed by plating, 
and a portion from the rear-end surface in the height side of 
20 the above-described lower core layer 29 toward the height 
direction (the Y direction shown in the drawing) and both 
sides in the track-width direction (the X direction shown in 
the drawing, of the above -described lower core layer 29 are 
covered with a non-magnetic insulating material layer 31 made 
25 of A1 2 0 3 or the like. Subsequently, the surface of the 

above-described lower core layer 29 and the surface of the 
non-magnetic insulating material layer 31 are polished by 
using a CMP technology or the like, so that a flattened 
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surface is provided. 

in the step shown in Pig. 9 . the ooil lnsulatlng 
snhstrate layer 34 M3e of Al 2 o 3 or the like is forced by 
spnttering or the like on the surface of the above-described 
5 lower core layer 2 9 and the surface of the non-magnetic 
insulating Serial layer 31. The first coll pieces 55 are 
forced by patterning on the above-described coll insulating 
substrate layer 34. The above-described first coil pieces 55 

are forced by plating frcm a non-magnetic conductive material. 
10 e.g., cu. 

A Plurality of first coil pieces 55 are provided 
parallel to each other. Bach first coil piece 55 is extended 
parallel to the track-width direction (the X direction shown 
in the drawing, or is extended in the track-width direction 
15 (the x direction shown in the drawing, while being i„ cll n e d 
toward the height direction (the Y direction shown in the 
drawing,. Subseguently. the coll insulating substrate layer 
34 is removed from the region where the protuberance layer 32 
nnd the back gap layer 33 are to be provided in the following 
20 step. 

In the step shown In Fig. 1 0 . a resist layer 75 is 
applied to the above -described coil insulating substrate 
layer 34. and hole portions 75a and 75b are formed in this 
resist layer 75 by an exposure phenomenon. The above- 
25 described hole portion 75a is provided in the region from the 
surface facing the recording mediun, to the vicinity of the 
front-end portion of the above -described first coil piece 55 
Provided at the location closest to the surface facing the 
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recording medium among the above -described first coil pieces 
55. and the above -described hole portion 75b is provided in 
the vicinity of the base end portion of the above -described 
lower core layer 29. The protuberance layer 32 is formed by 
5 plating on the above -described lower core layer 29 exposed at 
the hole portion 75a, and in the same step, the back gap 
layer 33 is formed by plating on the base end portion of the 
above-described lower core layer 29 exposed at the hole 
portion 75b. The coil insulating substrate layer 34 is not 
10 present between the above -described protuberance layer 32 and 
the lower core layer 29 and between the back gap layer 33 and 
the lower core layer 29. Consequently, these layers are 
magnetically connected to each other. 

Fig. 11 is a partial vertical sectional view of the thin 
15 film magnetic head, showing a cross section different from 
that shown in Pig. lo. Fig. n is the partial vertical 
sectional view showing, for example, a cross section parallel 
to the X-2 plane in the vicinity of the right end portion in 
the track-width direction (the X direction shown in the 
20 drawing) of the above- described first coil piece 55. 

The step shown in Pig. li is performed simultaneously 
with the step shown in Fig. lo while a coil plating seed film 
remains. As shown in Fig. n, each hole portion 75c reaching 
the end portion in the track-width direction of the above- 
25 described first coil piece 55 is provided by the exposure 
phenomenon in the above -described resist layer 75, and the 
top surface of the end portion in the track-width direction 
of the above-described first coil piece 55 is exposed at the 
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above- des^bed hole portion 75c. 

The connection layers fii ^ 

1 m P rov ided by plating in the 

in this the above . desoribea protuberanoe 

b r k 9ap iay - - «- —on l aye rs 61 oan 

the steps shown ln Fig . w 

10 .. Consequently. tHe 

*Pee<up oi t h . prooess _ ^ 

r the — — « « 1 

lleaT — — — connection l aye rs „ may be 

protuberance layer 3? -i. 

yer 32 and the back gap laver « „ * 
15 y J-ayer 33 are formed. 

■ ia The resist laver -71; 4~ 

j.ayer 75 is removed m +-1 

p . _„ a - In th « step shown in 

12, the above-described first co*i ~< 

, u irst coil Pieces 55. the above- 

Z ~~ ^ »• - - — ~ l aye r 33 

are covers* with tte coil insuring l ayar 36 Mfle ot _ 
or the li*e. ^ above . aBscrlbsd ooll Al2 ° 3 
20 f«r™<^ w msuiatlng layer 36 is 

forced by sputtering or the u ke . At tlUs t . 

Flo 13 ' M SbOWa ln 

»■ M. the connection l ayers „ prOTlaed on ^ 
portions in the trsc*-^ direction o f the aboV e-descrl b ed 

«* con P i eoes 55 Me also owerea with ^ a ^ 
described coil insisting l aye r 36. 

The ab ove-uescri bea coll insulating l ayer 3 S . the 

ana Pig. 13 from the dlrectlon ^ ^ ^ 
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by using a CMP technology or the like. Fig. 14 shows the 
condition in which the cutting is completed. 

In Fig. 14. the top surface of the protuberance layer 32, 
the top surface of the coil insulating layer 36. the top 
5 surface of the back gap layer 33. and the top surfaces of the 
above-described connection layers 61 not shown in the drawing 
are provided as a flattened surface along the reference 
surface A. As shown in Fig. 14. the first coil pieces 55 are 
in the condition of being completely covered with the above- 
10 described coil insulating layer 36. In order to 

appropriately perform the above- described polishing, the 
above-described coil Insulating layer 36 must be formed from 
an inorganic Insulating material, e.g.. A1 2 0 3 . For example, 
in the case where the above-described coil insulating layer 
15 36 is formed from an organic insulating material, appropriate 
cutting cannot be performed by even the above -described 
polishing because of stickiness of the above -described 
organic insulating material and, therefore, it is difficult 
to flatten. 

20 m the step shown in Fig. 15, the Gd- determining layer 

38 is formed in the location at a predetermined distance in 
the height direction (the Y direction shown in the drawing) 
from the surface facing the recording medium. The above- 
described Gd-detezmining layer 38 is formed from an inorganic 
25 insulating material or an organic insulating material. 

in the step shown in Fig. 1 6 . the plating seed film (not 
shown in the drawing) required for plating is formed from a 
NiFe alloy, a FeCo alloy, or the like. Subsequently, a 
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resist layer 65 provided with . pattern 65a having ^ 
example, a two-dl^nsional shape composed of the front-end 
Portion B and the rear-end portion c she™ in Fig. 4 is 
fo»ed. ana the lower magnetic poie layer 3 9 . the gap layer 
<0. the upper magnetic pole layer 41. and the upper core 
*ayer 4, are continuously formed by plating i» that order 
from the bottom in this pattern 65a. 

The two-dimensional shape or each of the above -described 
lower magnetic pole laver ao 

" yer 39 ' the W iayer 40. the upper 

composed or the front-end portion B and the rear-end portion 
C. The rront-end portion B has a slim shape from the surface 
facing the recording medium toward the height direction (the 
. direction she™ in the drawing,, and the rear-end portion c 
has the width in the tracr-width direction .the x direction 
shown in the drawing, increasing from both base ends Bl of 
the front-end portion B toward the height direction. At this 
time, the tree* width *w is regulated by the width dis*„sion 
*. the trac-width direction (the x direction she™ in the 
drawing, of the above-described upper magnetic pole layer 41 
in the above-described facing- surface. Subseguently. the 
above-described resist layer 65 is removed. 

The step shown i„ Klg . 16 has the ^ ^ 

laminate 6 2 composed of the above-described lower magnetic 

25 pole layer 39, the gap layer 40 . 

a p -Layer 40. the upper magnetic pole 

layer 41, and the upper core layer 42 can h« ^ 

yer * z can be formed on the 

flattened coil insulating layer 36. protuberance layer 32 
and bac* gap layer 33. That is. the above-described laminate 
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62 can be highly precisely formed into a predetermined shape 
on the above -described coil insulating layer 36, the 
protuberance layer 32 , and the back gap layer 33 and, thereby, 
the above -described track width Tw can have a predetermined 
5 dimension . 

Following the completion of the step shown in Fig. 16, 
the insulating layers 58 and 63 shown in Fig. 2 are formed, 
and hole portions are formed in the insulating layer 63 
formed from an organic insulating material by the exposure 

10 phenomenon, so that the top surfaces 61a of the above- 
described connection layers 61 are exposed at the above - 
described hole portions. Subsequently, the second coil 
pieces 56 are formed by patterning over the above -described 
insulating layers 58 and 63 and the top surfaces 61a of the 

15 above -described connection layers 61. The above -described 
second coil pieces 56 are formed by plating from a non- 
magnetic conductive material, for example, Cu. A plurality 
of second coil pieces 56 parallel to each other are provided 
while being non-parallel to the above -described first coil 

20 pieces 55. Each of the above -described second coil pieces 56 
is extended in the direction parallel to the track-width 
direction (the X direction shown in the drawing), or is 
extended in the track-width direction while being inclined 
toward the height direction (the Y direction shown in the 

25 drawing) . 

According to the above -de scribed manuf acturing method, 
the top surfaces of the coil insulating layer 36, the 
protuberance layer 32, the back gap layer 33, and the 
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connection layers 61 are provided as the same flattened 
surface along the reference surface A by using the CMP 
technology or the like in the steps shown in Fig. 12 and Fig. 
13. Consequently, the top surfaces 61a of the above- 
5 described connection layers 61 are in the condition of being 
exposed at the above -described flattened surface and. thereby, 
the end portions 56a and 56b in the track-width direction 
(the x direction shown in the drawing) of the above-described 
second coil pieces 56 are reliably, easily connected to the 
10 top surfaces 61a of the above -described connection layers 61. 

Each of Fig. 17 to Fig. 19 is a diagram showing a step 
of a method for manufacturing the thin film magnetic head 
shown in Fig. 6. and is a partial front view wherein the 
protuberance layer 32 and the like are not shown in the 
15 drawing. 

The manufacturing steps up to the reference surface A 
are as described above. In the step shown in Fig. 17, the 
laminate 62 is formed by plating on the top surface of the 
coil insulating layer 36. the top surface of the protuberance 
20 layer 32. and the top surface of the back gap layer 33 while 
each top surface is flattened, and the first lifting layers 
70 are simultaneously formed by plating from the same 
material on the top surfaces 61a of the connection layers 61 
exposed at the above -described reference surface A. Although 
25 not shown in Fig. 17, hole portions for forming the above- 
described first lifting layers 70 are formed by the exposure 
phenomenon in the resist layer 65 provided in the step shown 
in Fig. 16, and the above -de scribed first lifting layers 70 
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are formed by plating in the resulting hole portions. 

The above-described resist layer 65 is removed, and 
another resist layer 76 is applied onto the above-described 
laminate 62, the coil insulating layer 36, and the first 
5 lifting layers 70. Subsequently, hole portions 76a 

penetrating up to the top surfaces of the above -described 
first lifting layers 70 are provided in the above-described 
resist layer 76 by the exposure phenomenon, and the second 
lifting layers 71 are formed by plating in the resulting hole 
10 portions. 

The first lifting layer 70 may not be formed in the step 
shown in Fig. 17, hole portions penetrating up to the top 
surfaces 61a of the above-described connection layers (lower 
connection layers) 61 may be provided in the above -described 
15 resist layer 76 in the step shown in Fig. 18, and a single 
layer of the upper connection layer 72 may be formed by 
plating in each of the resulting hole portions. In such a 
case, the partial front view of the completed thin film 
magnetic head is the same as Fig. 7. 
20 At least the top surfaces of the above -described upper 

connection layers 72 must be provided at the location higher 
than the top surface of the above-described laminate 62 . 

The resist layer 76 shown in Fig. 18 is removed. In the 
step shown in Fig. 19, the top surface of the above -de scribed 
25 laminate 62, the top surface of the coil insulating layer 36, 
and the top surfaces of the upper connection layers 72 are 
covered with the insulating layer 73 made of an inorganic 
insulating material, e.g., A1 2 0 3 , the above -described 
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insulating layer 73 ana the upper connection layers 72 are 
out up to a line E-E shown in the drawing by using a CMP 
technology or the li*e. so that the top surface or the above- 
descrlhed Insulating layer ,3 ana the top surfaces of the 
5 upper connection layers 73 are processea into the same 
flattenea surface. The top surface of the above-aescribea 
la-nlnate 62 must not be exposea by this polishing step, m 
oraer to appropriately perform the above-aescribea polishing 
the above-aescribea insulating layer ,3 must be formea from ' 
« an inorganic insulating Material, e.g.. A l 2 o 3 . Eor example, 
in the case where the above-aescribea insulating layer 73 is 
formea fro. an organic insulating material, appropriate 
cutting cannot be performea by even the above-aescribea 
polishing because of stickiness of the above-aescribea 
" organic insulating material ana. therefore, it is aifflcult 
to flatten. 

In the step shown in Pig. i 9 . the above-aescribea 
laminate 62 becomes in the conaition of being completely 
coverea with the above-aescribea insulating layer 73 ana. in 
20 aaaitlon. the top surfaces ,2a of the above-aescribea upper 
connection layers 72 are exposea at surfaces flush with the 
flattenea surface of the above-aescribea insulating layer 73 
The above-aescribea secona coll pieces 56 are formea by 
patterning on the above-aescribea insulating layer 73 ana the 
« top surfaces 72a of the above-aescribea uppar connection 
layers 72. The insulating layer 73 covering the above- 
cescrlbea laminate 62 is proviaea as a flattenea surface in 
the step shown m Fig. „ and . thereby _ ^ abOTe . d6sor:tbe fl 
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second coil pieces 56 provided thereon can be formed on the 
flattened surface. Consequently, the above -described second 
coil piece 56 can be formed into a predetermined shape. 
Furthermore, the top surfaces 72a of the upper connection 
5 layers 72 are exposed at the same surface as the above - 

described insulating layer 73 and. thereby, the end portions 
in the track-width direction of the above -de scribed second 
coil pieces 56 can be provided on the top surfaces 72a of the 
above -described upper connection layers 72 without bending 
10 the end portions in the track-width direction of the above- 
described second coil pieces 56, in contrast to the manner 
shown in Fig. 2 and Fig. 5. Consequently, the end portions 
in the track-width direction of the above -described second 
coil pieces 56 can be electrically connected to the top 
15 surfaces 72a of the above -described upper connection layers 
72 with further reliability and with ease. 

Fig. 20 is a partial vertical sectional view showing the 
structure of a thin film magnetic head according to the fifth 
embodiment of the present invention. The thin film magnetic 
20 head shown in Fig. 20 has substantially the same structure as 
that of the thin film magnetic head shown in Fig. 1. 
Therefore, constituents of the thin film magnetic head shown 
in Fig. 20 similar to those of the thin film magnetic head 
shown in Fig. l are indicated by the same reference numerals 
25 as in Fig. l, and detailed explanations thereof will not be 
provided. 

In the thin film magnetic head shown in Fig. 20, the top 
surfaces of first coil pieces 455 are flush with a reference 
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surface A. and the top surface cf a prctuberance layer 32 
the tcp surfaces cf the first ceil pieces 455. the tcp 
surface cf a ceil insulating layer 36. ana the tcp surface cf 
• beck gap layer 33 are a continuous flattened surface along 
5 the above-described reference surface A. 

A Gd-determlnlng layer 436 is provided from the location 
st a predetermined distance in the height direction (the T 
direction she™ in the drawing) fro* the surface facing the 
recording medium toward the height direction. The front end 
10 surface 436a of the above-described Gd-detexmlning layer 438 
is located cn the above-described protuberance layer 32. as 
in the thin film magnetic head she™ in Pig. x . and the rear 
end surface 438b of the above-described Gd- determining leyer 
438 is located on the above-described back gap layer 33. 
15 Alternatively, the rear end surface 438b of the above- 
described Gd-detexmlnlng layer 438 may be located on the 
boundary portion 33b between the top surface of the above- 
described back gap layer 33 and a front-end portion 33a. 
In the thin film magnetic head shown in Fig. 20 the 
20 above-described Gd-determlnlng layer 438 is provided on the 
first coll pieces 455. and this Gd-determining layer 438 is 
formed from an organic insulating material or an inorganic 
insulating material. Consequently, even if the top surfaces 
of the first coil pieces 455 are extended to the above- 
25 described reference surface A and. therefore, are in contact 
with the bottom surface of the Gd-determlnlng layer 438. the 
first coil pieces 455 can be insulated from the laminate 62 
Therefore, the cross-sectic.al area of the first coil pieces 
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455 can be increased, and the resistance can be reduced. 

Fig. 21 is a front view of the thin film magnetic head 
shown in Pig. 20. viewed from the side of the surface facing 
the recording medium. This front view is similar to the 
5 front view of the thin film magnetic head shown in Fig. 7. 
In Pig. 21. the above-described protuberance layer 32 is not 
shown in the drawing, but the first coil piece 455 located 
rearward of the above-described protuberance layer 32 is 
shown in the drawing. 

10 In the present embodiment, the top surfaces of the first 

coil pieces 455 are located on the flattened surface along 
the above-described reference surface A while the flattened 
surface is flush with the top surface of the protuberance 
layer 32, the top surface of the coil insulating layer 36, 
15 and the top surface of the back gap layer 33 and, thereby, 
the first coil pieces 455 can be directly connected to the 
upper connection layers 72. Therefore, the connection layers 
61 for connecting the first coil pieces 34 to the upper 
connection layers 72 may become unnecessary and the number of 
20 connection portions is decreased in the thin film magnetic 
head shown in Pig. 7 . so that the value of resistance of the 
total coil layer is decreased. Consequently, the amount of 
heat generation is decreased, the amount of thermal expansion 
and the amount of protrusion of the surface facing the 
25 recording medium of the thin film magnetic head can be 
decreased, and a magnetic head having a small amount of 
floating can be provided. 

In Fig. 21, the shape of the upper connection layer 72 
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is similar to that of the thin eu. magnetic head shown in 
Fig. 7. However, the upper connection layer 72 may be 
similar to that of the thin film -agnatic head shown In Fig 
«. The first coll pi eces 455 My be fllreotly oonneotsa ^ 

5 the second coll pieces 56 without provision of the npper 
connection layers 72. 

The coll laye r of the present Invention Is not lifted 
to that shown in Pig. 3 In which a plurality of elMt coll 
Pieces 56 are parallel to each other, and a plurality of 
10 second coll pieces 56 are also parallel to each other. 

That is. l„ the present invention, it is essential only 
that the first coil pieces extending in the direction 
intersecting the laminate 62 are provided In the space 
enclosed with the lower core laye* „. the protuberance layer 
" 32. aud the back gap layer 33. the second coll pieces are 

provided while crossing over the Innate 62. end portions of 
the above-described first coll pieces adjacent to each other 
are connected via the second coil pieces and. thereby, the 
above-described coil layer wound In a toroidal shape is 
20 provided. 

Fig. 22 to Fig. 26 m plan v±ews shQwing ^ 
dimensional structures o f first coil p iec es and second coil 
Pieces capable of being applied to tbe thin f ii™ magnetic 
head of the present invention. 
2 * Fig. 22 siraply shQWS a lam . nate 62 a cq1i 9o 

of a thin filn, magnetic h ^ The ^ ^ ^ 

shown in Pig. 22 has substantially the Sam& structure as that 
of the thin finn magnetic head ^ ^ ^ x ^ 
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only the coil layer has a different structure. 

That is, the plurality of first coil pieces 80 
constituting the coil layer 90 of the thin film magnetic head 
shown in Fig. 22 are not parallel to each other. With 
5 respect to the plurality of second coil pieces 81. the 

portions 81b overlapping the laminate 62 are parallel to each 
other, but the distance in the height direction (the Y 
direction shown in the drawing) between portions in both 
sides in the track-width direction (the X direction shown in 
10 the drawing) of the laminate 62 increases with increasing 
proximity to the end portions 81a. 

In Fig. 22, the above-described first coil pieces 80 
provided under the laminate 62 are indicated by dotted lines, 
and the above -described second coil pieces 81 provided above 
15 the laminate 62 are indicated by solid lines. 

In a manner similar to that in the structure shown in 
Fig. 2 to Fig. 4, electrically conductive lifting layers 82 
are connected to the end portions 81a in the track-width 
direction (the X direction shown in the drawing) of the 
20 above-described second coll pieces 81. and the lifting layers 
82 are electrically connected to the end portions of the 
above-described first coil pieces 80. The end portions of 
the above-described first coil pieces 80 are provided at the 
locations overlapping the end portions 81a of the above - 
25 described second coil pieces 81. although not shown in Fig. 
22. The lifting layer 82 has a structure similar to that of 
the upper connection layer 72 shown in Fig. 2, and is in the 
condition of being connected to the end portion of the above- 
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described first coil piece 80 via a connection layer similar 
to the above-described connection layer 61. The coil layer 
90 shown in Pig. 22 also has a toroidal structure wound 
around the laminate 62. Reference numerals 83 and 84 denote 
5 lead layers for connecting both end portions of the coil 
layer 90 to electrode layers. 

In Fig. 22. for example, the distance Sla between the 
end portion 81a of the leftmost second coil piece 81 in the 
drawing and the end portion Sla of the second coil piece 81 
10 on the right side thereof is larger than a minimum distance 
Lla between the above -described second coil pieces in the 
region overlapping the above-described laminate 62. 

The distances Sib and Sic between the end portions Sla 
of the second coil piece 81 which is the second from the left 
15 in the drawing and the end portions Sla of the second coil 
Piece 81 on the right side thereof are larger than a minimum 
distance Lib between the above -described second coil pieces 
in the region overlapping the above -described laminate 62. 
The distance Sid between the end portion Sla of the rightmost 
20 second coil piece 81 in the drawing and the end portion Sla 
of the second coil piece 81 on the left side thereof is 
larger than a minimum distance Lie between these second coll 
Pieces in the region overlapping the above-described laminate 



62 

25 



in the above description, the distance between the end 
portion Sla and another end portion Sla refers to the 
distance between the center of the end portion Sla and the 
center of the other end portion Sla. The minimum distance 
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between the above-described second coil pieces in the region 
overlapping the above -described laminate 62 refers to a 
minimum distance between straight lines dividing the above - 
described respective second coil pieces into equal parts in 
5 the width direction. 

With respect to an inductive thin film magnetic head, 
preferably, the volume of a magnetic circuit for flowing a 
magnetic flux is reduced and, thereby, inductance is reduced. 
Consequently, the length in the height direction of the 
10 above-described laminate 62 must be decreased, and the 
distances Lla, Lib, and Lie between the above-described 
second coil pieces 81 in the region overlapping the above - 
described laminate 62 are also decreased. At this time, by 
increasing the distance between the end portion 81a of the 
15 above-described second coil piece 81 and the end portion 81a 
of another second coil piece 81 adjacent to each other in the 
height direction, as in the present invention, the end 
portions 81a are easily formed, and the end portions of the 
above -described first coil pieces 80 and the end portions 81a 
20 of the second coil pieces 81 can be easily, reliably 
connected. 

The above -described plurality of second coil pieces 81 
include portions 81b parallel to each other in the region 
overlapping the above -described laminate 62, and the portions 
25 81b extend in the track- width direction shown in the drawing. 
Consequently, the magnetic field induced from the above- 
described coil layer 90 to the above-described laminate 62 is 
stabilized. 
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in the structure of the coil layer 90 she™ i„ Fig . 22 
the above-described plurality of second ^ ple(jes ^ ^ 
Parallel to each other all over the re g l„„ overlapping the 
above-described laminate 62. However, even the above- 
= described plurality of second coil pieces 01 including 

Portions sib parallel to each other in a part of the region 
overlapping the above-described laminate 62. as shown in rig 
33. can exert the effect of stabilizing the agnatic field 
induced fro* the above-described coll l ay er ,„ to the above- 
10 described laminate 62. 

In the present Invention, it is only essential that 
with respect to at least one pair of the above-described 
second coil pieces 81. the distance between the end portion 
«la and another end portion 8 la adjacent to each other in the 
« height direction is larger than a minimum distance between 
the above-described second coil pieces 81 in the region 
overlapping the above-described laminate 62. 

For example, the structure of the coil layer shown in 
Pi9. 24 is also included within the scope of the present 
20 invention. In Pig. 24 . only the ^ ^ ^ 

portion 81e of the rightmost second coil piece 81 in the 
drawing and the end portion 81a of the second coll piece 81 
on the left side thereof is larger than a minim™ distance 
"c between the above-described second coll pieces 81 in the 
25 region overlapping the above-described laminate 62. However 
with respect to each of other combinations of the above- 
aescrlbed second coil pieces 81. the distance between the end 
Portion 81a and another end portion 81a adjacent to each 
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other in the height direction is equal to the minimum 
distance between the above -de scribed second coil pieces 81 in 
the region overlapping the above-described laminate 62. 

In the description with respect to Fig. 22 to Fig. 24. 
5 the distance between the above-described second coil pieces 
81 is increased from the region overlapping the above- 
described laminate 62 toward the end portions 81a. A similar 
configuration can also be applied to the above-described 
first coil pieces 80. 

10 Fig. 25 shows a coil layer 91 having a configuration in 

which the distance between the above-described first coll 
Pieces 80 is also increased from the region overlapping the 
above-described laminate 62 toward the end portions of the 
above -described first coil pieces 80. 
15 The structure of second coil pieces 81 of the coil layer 

91 shown in Fig. 25 is the same as the structure of the 
second coil pieces 81 of the coil layer 90 shown in Fig. 23. 
Fig. 25 shows the end portions 80a of the first coil pieces 
80 which are not shown in Fig. 23. but the end portions 81a 
20 of the second coil pieces 81 are not shown in the drawing. 
In Fig. 25. for example, the distances S2a and S2b 
between the end portion 80a of the leftmost first coil piece 
80 in the drawing and the end portion 80a of the first coil 
Piece 80 on the right side thereof (center) are larger than a 
25 minimum distance L2a between the above-described first coil 
Pieces in the region overlapping the above -described laminate 
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The distances S2c and S2d between the end portion 80a of 
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the first coil piece 80 which i * ^ 

wnacn is the second from the left 
(enter, ln the dra „ ing a „ fl ^ ^ ^ ^ ^ 

coil piece 80 on the right slde thereof (rightmost) ^ 
larger than a minimum dlstanoe m ^ ^ 

5 Ascribed flrst ooll pleces ^ ^ ^ ^ 

above-described laminate 62. 

m the above description aa veil, the distance between 
the end portion aoa and another end portion 80a refers to the 
distance between the center or the end portion 80a end the 
center of the other end portion 80a. The minimum distance 
between the above-described first coll pieces In the region 
overlapping the above-described laminate 62 refers to a 

aiStan ° e **— "nes dlvldln 9 the above- 

described respective first coil pieces into e,ual parts In 
15 the width direction. 

The above-described plurality of first coll pieces 80 
Pelade portions 80b parallel to each other in the region 
overlapping the above-described laminate «. and the portions 
.Ob extend in the trach-width direction shown in the drawl„ 9 . 
Consequently, the magnetic field Induced from the above- 
described coil laver 01 fA 

layer 91 to the above-described laminate 62 i s 

stabilized. 

The structure of the -F1 t^+- ^, 

e "- rs * coil pieces 80 may be 

different from that shown in Pig. 25 . Por ^ 
coil pieces 00 may have a shape similar to th. structure of 
the second cell pieces 81 shown in Fig. 22 or Flg . 24 

A coil layer in which only the first coil pieces 80 have 
the structure of the present invention, that is. the distance 
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between at least one combination of the above-described first 
coil pieces 80 is increased from the region overlapping the 
above-described laminate 62 toward the end portions of the 
above-described first coil pieces 80, is included within the 
5 scope of the present invention. 

The portions parallel to each other may not be provided 
in the region overlapping the above- described laminate 62. as 
that in a coil layer 92 shown in Fig. 26. 

Fig. 27 is a partial vertical sectional view showing the 
10 structure of a thin film magnetic head according to the sixth 
embodiment of the present invention. Fig. 28 is a partial 
front view of the thin film magnetic head shown in Fig. 27 
wherein an MR head, an insulating layer 536, a protective 
layer 564, and the like are not shown in the drawing, and a 
15 structure composed of a magnetic pole end layer, a first coil 
piece and a second coil piece provided at the locations 
closest to a surface facing a recording medium, and each 
layer facing these layers in the film thickness direction is 
viewed from the side of the surface facing the recording 
20 medium. 

A playback head (may be referred to as an MR head) from 
the above -described lower shield layer 22 to the above- 
described upper shield layer 27 is the same as that in the 
thin film magnetic head according to any one of the first 
25 embodiment to the fifth embodiment. 

As shown in Fig. 27, a separation layer 28 formed from 
A1 2 0 3 or the like is provided on the above- described upper 
shield layer 27. The above -described upper shield layer 27 
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ana the separation layer 28 may not be provided, and a 
following lower core layer 529 ma y be provided on the above- 
described upper gap layer 26. m suoh . case , the above . 
described lower core layer 529 donbles as the upper shield 



layer. 



In Fig. 27, the lower core layer 529 is provided on the 
above-described separation layer 28. The above -described 
lower core layer 529 is forced from a magnetic material, e g 
a NiPe-based alloy. The above-described lower core layer 529 
10 has a predetermined length dimension m the height direction 
(the Y direction shown in the drawing) from the surface 
facing the recording medium. A non-magnetic insulating 
material layer 31 is provided at the rear in the height 
direction of the rear end surface 529a of the above -described 

lower core layer 529 in the track-width direction (the X 
direction shown in the drawing,. As shown ln Fig> 2? ^ 
surface of each of the above -described lower core layer 529 
and the non-magnetic insulating material layer 31 is a 
20 continuous flattened surface. 

As shown in Pig. 27. a magnetic pole end layer 
(protuberance layer) 548 having a predetermined length 
dimension rearward in the height direction from the surface 
facing the recording medium is provided on the lower core 
25 layer 529. The magnetic pole end layer 548 has a width 

dimension in the track-width direction (the X direction shown 

" draW±n9) ° f 3 trac * wi ^h Tw. The track width Tw is, 

for example. 0.5 ym or less. 



- 63 - 



In the embodiment shown in Fig. 28, the magnetic pole 
end layer 548 is configured to have a three -layer laminated 
structure composed of a lower magnetic pole layer 549, a gap 
layer 550, and an upper magnetic pole layer 551. The 
5 magnetic pole layers 549 and 551 and the gap layer 550 will 
be described below. 

The lower magnetic pole layer 549 for serving as a 
lowermost layer of the magnetic pole end layer 548 is 
provided by plating on the lower core layer 529. The lower 
10 magnetic pole layer 549 is formed from a magnetic material, 
and is magnetically connected to the lower core layer 529. 
The lower magnetic pole layer 549 may be formed from the same 
material as that for the lower core layer 529 or from a 
different material. The lower magnetic pole layer 549 may be 
15 composed of a single layer film or a multilayer film. 

A non-magnetic gap layer 550 is laminated on the lower 
magnetic pole layer 549. 

Preferably, the gap layer 550 is formed from a non- 
magnetic metal material, and is provided on the lower 
20 magnetic pole layer 549 by plating. Preferably, the non- 
magnetic metal material is at least one selected from the 
group consisting of NiP, NiReP, NiPd, NiW, NiMo, NiRh. NiRe, 
Au, Pt, Rh, Pd, Ru, and Cr. The gap layer 550 may be 
composed of a single-layer film or a multilayer film. 
25 The upper magnetic pole layer 551 magnetically connected 

to the upper core layer 560 described below is provided by 
plating on the gap layer 550. In the present embodiment, the 
upper magnetic pole layer 551 has a laminated structure 
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Of the lower layer ==la is larger than the sat uratio„ 
5 magnetic flu* denslty o£ ^ ^ ^ ^ 

When the gap i ayar 550 u ^ ^ ^.^^ 

-eta! « toal , as aesoribea abQve ^ iower 
layer 54,. the gap layer 550 , ^ ^ ^ 

layer 551 can be continuously formed by plating. 
« A bacK g ap layer 533 is provided on the above-described 

lower core layer 515 while being located et a predetermined 
Stance in the height direction (the y direction shown in 
the drawing, from the r6 ar-.nd surface =45a m the height 
direction of the above-described magnetic pole end layer 545. 

The bac* gap layer 533 is formed from a magnetic 
-tonal. ». bao* gap layer 533 may be formed from tbe same 
-terial as that for the above-described lower core layer 515 
or be formed from a different material. Tbe bac* gap layer ' 
=33 may be a single layer, or may have a mnltllayer laminated 

20 structure. The back gap laver S3* 4 . 

sop layer 533 is magnetically connected 

to the above-described lower core layer 529. 

A coil insulating substrate layer 534 is provided 
hetween tbe magnetic pole end layer 545 and the bac k gap 
layer 533 on the lower core layer 52,. and a plurality of 
first coil pieces 5=5 parallel to each other are provided on 
the above-described coil insulating substrate iayer 534 while 
the first coil pieces 5=5 are extended parallel to tbe trac*- 
Wldtn direction (t be X direction shown in tbe drawing, and 
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are arranged side by side in the height direction. Each of 
the first coil pieces 555 may be extended in the track-width 
direction (the X direction shown in the drawing, while being 
inclined toward the height direction. 
5 The above-described first coil pieces 555 are covered 

with a coil insulating layer 536 formed from an Inorganic 
insulating material, e.g., Al 2 o 3 . As shown in Fig. 27. the 
top surface of the above -described magnetic pole end layer 
548. the top surface of the coil insulating layer 536, and 
10 the top surface of the back gap layer 533 are provided as a 
continuous flattened surface along a reference surface A 
shown in Fig. 27. 

As shown in Fig. 28, electrically conductive connection 
layers 561 are provided as protrusions on the end portions 
15 555a in the track-width direction (the X direction shown in 
the drawing, of the above-described first coil pieces 555. 
The two-dimensional shape (that is. the shape of a surface 
cut from the direction parallel to the X-Y plane) of the 
above-described connection layer 561 can be selected from 
20 various shapes, e.g., an ellipse, a circle, a square, a 

rectangle, and a rhombus. Preferably, the above-described 
connection layer 561 is formed from the same material as that 
for the back gap layer 533 from the viewpoint of the 
manufacturing process. However, the material may be 
25 different from that for the back gap layer 533. The above- 
described connection layer 561 may have a single-layer 
structure or a multilayer laminated structure. The above- 
described connection layers 561 are in the condition of being 
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electrically connected to the end portions 555a of the above- 
described first coll pieces 555. The tern, -electrically 
connected- refers to a condition in which there is electrical 
continuity between two layers re 3 ardless of direct connection 
5 or indirect connection. Hereafter the same holds true. 

AS Shown in Pig. 2S . the top eurfaoes 561fl of ^ 
connection layers 561 provided on the end portions 555a in 
the track-width direction (the X direction shown in the 
Oxawlug, of each first coll piece 555 are flush with the 
10 above-described reference surface A. That is. with respect 
to the thin fiim magnetic head shown in Pig. 27 . all of the 
top surface of the above-described agnatic pole end layer 
546. the top surface of the coll isolating layer 536. the 
top surface of the hack gap layer 533. and the top surfaces 
» 561a of the connection layers 561 are provided as the same 
flattened surface. 

As shown in Pig. 27 . a Gd-deterrclning layer 536 is 
provided fro™ the location at a predetermined distance in the 
height direction (the y direction shown lu the drawing, from 
20 the above-described surface facing the recording medium 

toward the height direction on the lower core layer 52, As 
shown in Flg . 27 . the rMI . ena portl(m Qf ^ ^ 

pole layer 551 is provided on the Gd-determlni„g iayer 538 

A gap depth (Gd, is determined by the length in the height 

25 direction (the y direction shown in the drawing, of the 

above-described gap layer 550 from the surface facing the 

recording medium to the above-described Gd-determini„g iayer 
538. 
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An upper core layer (magnetic layer) 560 is provided by 
plating on the above -described upper magnetic pole layer 551 
and the back gap layer 533. The above -described upper core 
layer 560 connects the height side of the above -described 
5 lower core layer 529 and the above- described magnetic pole 
end layer 548 via the back gap layer 533. and the upper core 
layer 560 corresponds the magnetic layer of the present 
invention . 

The upper magnetic pole layer 551 and the upper core 
10 layer 560 may be formed from the same material. However, 
preferably, these are formed from different materials. In 
particular, it is more preferable that the upper core layer 
560 has a saturation magnetic flux density lower than that of 
the upper layer 551b of the above -described upper magnetic 
15 pole layer 551. The saturation magnetic flux density of the 
upper core layer 560 is, for example, 1.4 T to 1.9 T , the 
saturation magnetic flux densities of the lower layer and the 
upper layer of the above -described upper magnetic pole layer 
551 are, for example. 1.9 T to 2.4 T and 1.4 T to 1.9 T, 
20 respectively. 

When the saturation magnetic flux density of the above - 
described upper core layer 560 is lower than the saturation 
magnetic flux density of the above -described upper magnetic 
pole layer 551, magnetic recording due to a leak magnetic 
25 field from the upper core layer 560 can easily be prevented. 

As shown in Fig. 27 and Fig. 28, an insulating layer 558 
formed from an insulating material, e.g., A1 2 0 3 , is provided 
on the above-described upper core layer 560. Preferably, the 
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above-described Insulating layer 556 is forced fro* an 
inorganic insulating material. This insulating layer 558 is 
also provided on the coil insulating layer 536 extending m 
both sides of the above-described upper core layer 560 in the 
5 trace-width direction (the X direction she™ in the drawing, 
As shown in Fig. 28 . lnsulatlng layers 563 formea from ^ 

organic insulating material, e.g.. a resist, are provided 
over both end portions in the trace-width direction (the X 
direction shown in the drawing, of the above-described 
10 insulating layer 558 and both sides in the trade-width 
direction or the above-described upper core layer 560. 

The insulating layer 558 forced fron, the inorganic 
insulating -aterial is provided by a sputtering „ethod or the 
like. Since the above-described insulating layer 558 can 
15 have a fii,, thickness seller than that or the insulating 
leyer 563 forced from the organic insulating material, the 
upper core layer 560 end second coll pieces 556 described 
below can be brought close to each other, and the 
-agnetiz.tlon efficiency can be increased. In addition 
20 insulation between the above-described upper core layer 560 
and the second coll pieces 556 can be excellently maintained 
m both sides of the above-described upper core layer 560 In 
the track-width direction. 

As shown in Pig. 27 and Plg . 28 . plurality o£ seoon(J 
25 coil pieces 556 parallel to each other are provided on the 
above-described insulating layers 558 and 563 while beH.g 
arranged side by side in the height direction. The second 
coil pieces 556 are extended in the track-width direction 
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(the X direction shown in the drawing) while being inclined 
toward the height direction (the Y direction shown in the 
drawing) . Each of the second coil pieces 556 may be extended 
in the direction parallel to the track-width direction (the X 
5 direction shown in the drawing) . 

The above- described first coil pieces 555 and the second 
coil pieces 556 are non-parallel to each other, and. as shown 
in Pig. 28, the left end portion 555a in the track-width 
direction of the first coil piece 555 and the left end 
10 portion 556a in the track-width direction of the second coil 
piece 556 face each other in the film thickness direction 
(the Z direction shown in the drawing) of the magnetic layer 
560, and the left end portion 555a and the left end portion 
556a are electrically connected to each other via the 
15 connection layer 561. The right connection layer 561 

indicated by a dotted line shown in Fig. 28 electrically 
connects the right end portion of the first coil piece 555 
located at the back (the Y direction shown in the drawing) of 
the first coil piece 555 visible in the drawing and the right 
20 end portion 556b of the second coil piece 556 visible in the 
drawing . 

As described above, in the thin film magnetic head shown 
in Fig. 27 and Fig. 28, the end portion in the track-width 
direction of the first coil piece 555 and the end portion in 
25 the track-width direction of the second coil piece 556 facing 
one above the other in the film thickness direction of the 
above-described magnetic layer 560 are electrically connected 
to each other via the connection layer 561 and, thereby, a 
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toroidal coil structure 557 is provided. 

A layer denoted by reference numeral 564 shown in Fig 
27 is a protective layer fo^ed from »l 2 o 3 or the like, and a 
layer denoted by reference numeral 559 shown in F1 g. 27 is a 
S lead layer. The above-described lead layer 55, is integrally 
rormed with the second coil piece 555 located at the front 
end in the height direction. 

when a recording current is applied to the coil layer 
557. a recording magnetic field is induced in the lower core 
10 layer 529 and the upper core layer 550. a leakage magnetic 
field is generated between the lower magnetic pole layer 549 
and the upper magnetic pole layer 551 facing each other with 
the gap layer S50 . Md . Mgnetlo slgnal ^ ^ ^ 

recording medium, e.g.. bard disk, due to this leakage 
15 magnetic field. 

In the thin film ma g ne tic head shown in Fig. 27 the 
Plurality of first coll pieces 555 _ ^ ^ ^ 

enclosed with the above- described lower core layer 529 the 
magnetic pole end layer 548, and the bac* gap layer 533. The 
20 space in which the above -described first coil pieces 555 can 
be provided is appropriately formed by protruding the 

magnetic pole end layer 54a w , 

ayer 548 and the back gap layer 533 on the 

above-described lower core layer 529. In particular, since 
the above-described magnetic pole end layer 548 and the back 
« gap layer 533 are provided by plating, the above-described 
magnetic pole end layer 548 and the back gap layer 533 having 
large thicknesses can be forced. Consequently, the space 
enclosed with the above-described lower core layer 529 the 
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magnetic pole end layer 548. and the back gap layer 533 is 
allowed to become wide, and the above -described first coil 
Pieces 555 having predetermined film thicknesses are easily 
provided . 

5 The connection layers 561 are protruded from the end 

portions 555a in the track-width direction of each first coil 
Piece 555. The top surfaces of the connection layers 561 are 
flush with the top surface of the above-described magnetic 
pole end layer 548. the top surface of the back gap layer 533. 
10 and the top surface of the coil insulating layer 536 and. 

therefore, the top surfaces of the connection layers 561 are 
in the condition of being exposed at the above -described 
flattened surface. 

Consequently, in the thin film magnetic head shown in 
15 Fig. 27. the above-described upper core layer 560 provided on 
the above-described magnetic pole end layer 548. the coil 
insulating layer 536. and the back gap layer 533 can be 
formed on the above-described flattened surface, and the 
above-described upper core layer 560 can be formed into a 
20 predetermined shape. Therefore, the resulting upper core 
layer 560 can have a predetermined dimension with high 
.precision. 

In the thin film magnetic head shown in Fig. 27, since 
the top surfaces 561a of the above-described connection 
25 layers 561 are exposed at the same flattened surface as the 
above-described coil insulating layer 536. the end portions 
in the track-width direction (the X direction shown in the 
drawing) of the above-described second coil pieces 556 can be 
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electrically connected onto the above-described connection 
layer, 561 with reliability ana with ease. Consequently, 
poor electrical contact between the above-described first 
coil pieces 555 and the second coll pieces 556 can be 
5 prevented. 

Since all of the top surface of the coil insulating 
layer 536. top surface of the magnetic pole end layer 548. 
the top surface of the back gap layer 533. and the top 
surfaces of the connection layers 561 are provided as the 
10 same flattened surface, the slicing of the „ hole thln ^ 
magnetic head can be facilitated. 

Since the above-described upper core layer 560 having a 
linear shape parallel to the layer surface connects between 
the above-described magnetic pole end layer 548 and the back 
IS gap layer 533 and. thereby, the magnetic path is provided 

reduction 1„ tie magnetic path length can be realized. Since 
the magnetic path length can be reduced, the speed of 
magnetic field reversal can be Increased, and a thin fii„ 
magnetic head having excellent high-freguency characteristics 
20 can be provided. 

The above-described first coll piece 555 and the second 
coll piece 556 are formed from Cu. Au. or the like having 
excellent electrical conductivity. The above -described 
connection layer 561 may not be formed from the same material 
25 as that for the above-described first coil piece 555 and the 
second coil piece 556. and may be formed from a magnetic 
material or the like, as long as the material has electrical 
conductivity. Preferably, the above-described connection 
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layer 561 is formed from the same magnetic material as that 
for the magnetic pole end layer 548. As a result, the above- 
described connection layers 561 can be formed in the same 
step as that of the above -described magnetic pole end layer 
5 548 and the back gap layer 533 and, therefore, speedup of the 
manufacturing process can be achieved. 

As described above, the top surface of the above- 
described coil insulating layer 536 is provided as a 
flattened surface. In order to realize this, preferably, the 
10 above-described coil insulating layer 536 is formed from an 
Inorganic insulating material, e.g., A1 2 0 3 or Si0 2 . 

The two-dimensional shape of the above-described upper 
core layer 560 is similar to that of the upper core layer 42 
shown in Fig. 4. 

15 in the present embodiment, the material for the upper 

core layer 560 is differentiated from that for the upper 
magnetic pole layer 551 of the magnetic pole end layer 548. 
Consequently, only the upper magnetic pole layer 551 can be 
formed from a material having a high saturation magnetic flux 
20 density, and the upper core layer 560 can be formed from a 

material having a saturation magnetic flux density lower than 
that of the upper magnetic pole layer 551. Since the upper 
magnetic pole layer 551 and the lower magnetic pole layer 549 
having high saturation magnetic flux densities are not formed 
25 at the rear of the Gd- determining layer 538, the magnetic 

flux density can be appropriately controlled, leakage of the 
magnetic flux from both sides of the magnetic pole end layer 
548 is reduced, and an S/N ratio of the magnetic head is 
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improved . 

Leakage of the magnetic flux from the upper core layer 
560 oan be further reduced by moving the front-end portion 
560a of the upper core layer 560 from the surface facing the 
5 recording medium backward in the height direction. 

in the present embodiment, the value of resistance can 
be reduced by allowing the film thickness tl of the second 
coil piece 556 on the upper core layer 560 to be larger than 
the film thickness tz of the first coll piece 555. and 
.10 allowing the length dimension W2 of the above -described 
second coll piece In a first direction orthogonal to the 
direction of a current flow to be larger than the length 
dimension „1 of the above-described first coll piece In the 
first direction. That is. the heat generation of the above- 
15 described coll layer 557 can be reduced, and protrusion of 
the magnetic pole end layer 548 and the vicinity thereof 
toward the recording medium side can be reduced. 

in the magnetic head shown in Pig. 27 ma plg . 2 „ sln<je 
the upper core layer 560 having a flat shape connects between 
10 the magnetic pole end layer 540 and the back gap layer 533 
and. thereby, the magnetic path Is provided, the magnetic 
Path length can be reduced compared with that In the magnetic 
head including a protuberant upper core layer. When the 

15 from the coil layer 557 can be efficiently dissipated to the 
outside of the magnetic head. 

The coil layer 557 has a toroidal coil structure wound 
around the upper core layer 560. 
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Consequently, even when the number of turns of the coll 
layer 557 constituting the magnetic head is decreased, a 
predetermined recording time can be maintained. Since the 
number of turns can be decreased, the coil resistance can be 
5 reduced and, thereby, heat generation of the magnetic head 
can be reduced even when the magnet head is driven. 

The reduction of the heat generation of the magnetic 
head leads to reduction of problems, for example, that the 
magnetic pole end layer 548 and the vicinity thereof protrude 
10 from the surface F facing the recording medium. 

The thermal expansion coefficient of the magnetic head 
can be reduced by the use of an inorganic insulating material 
for the coil insulating layer 536 covering the coil layer 557. 
Fig. 29 is a partial front view showing a thin film 
15 magnetic head according to the seventh embodiment of the 

present invention. An MR head, a protective layer 561, and 
the like constituting the thin film magnetic head are not 
shown in the drawing, and a structure composed of a first 
coil piece, a second coil piece, a magnetic pole end layer, 
20 and each of layers facing these layers in the film thickness 
direction is shown, wherein the structure is provided at the 
location closest to the side of a surface facing a recording 
medium . 

In the thin film magnetic head shown in Fig. 29, the 
25 configuration of the layers under the reference surface A is 
the same as that shown in Fig. 28. That is, a plurality of 
first coil pieces 555 are provided in the space enclosed with 
a lower core layer 529, a magnetic pole end layer 548, and a 
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back gap layer 533. The top surfaces 561a of connection 
layers 561 protruding from the end portions S55a in the 
trace-width direction (the X direction she™ in the drawing, 
of the first coil pieces 555 are flush with the top surface 
5 of the above-described ^agnatic pole end layer 548. the top 
surface of the coil Insulating layer 536. and the top surface 
of the back gap layer 533. 

In Pig. 29. the above-described upper core layer 560 
having a predetermined shape with high precision is provided 
10 on the flattened surface of the top surface of the magnetic 
Pole end layer 548, the top surface of the coil Insulating 
layer 536, and the top surface of the back gap layer 533. and 
lifting layers 572 electrically connected to the above- 
described lower connection layers 561 are provided in both 
15 sides in the track-width direction (the X direction shown in 
the drawing, of the above-described upper core layer 560. 

As shown in Pig. 2 9. the above-described lifting layer 
572 has a configuration in which two lifting layers are 
laminated with a step height. A lower lifting layer 570 of 
20 the above-described lifting layer 572 is formed by plating 

from the material constituting the above-described upper core 
layer 560. Alternatively, the above -de scribed lower lifting 
layer 570 may have a laminated structure in which at least 
one layer of protective film selected from the group 
25 consisting of Ni. CuNi, and NIP is provided on at least one 
layer selected from the group consisting of Cu, FeNi. Ni, Au, 
FeCo, FeCoRh, and FeCoNi. 

An upper lifting layer 571 (hereafter referred to as a 
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lifting-adjusting layer) laminated on the above-described 
lower lifting layer 570 with a step height has a function of 
adjusting the total height of the above- described lifting 
layer 572. As shown in Fig. 29, the lifting-adjusting layer 
5 571 is provided on the lower lifting layer 570 and, thereby, 
the top surface 572a of the above -described lifting layer 572 
is allowed to become higher than the top surface 562a of the 
above -described upper core layer 560. 

The above-described lifting-adjusting layer 571 has 
10 electrical conductivity, and is formed from a material which 
can be applied by plating. Preferably, the above-described 
lifting-adjusting layer 571 is at least one layer selected 
from the group consisting of Cu. FeNi, Ni, Au. FeCo, FeCoRh, 
and FeCoNl. Alternatively, the above-described lifting- 
15 adjusting layer 571 may have a structure in which at least 
one layer of protective film selected from the group 
consisting of Ni, CuNi, and NiP is provided on a primary 
layer containing Cu, Co, or Ni. 

The bottom surface of the above -described lower lifting 
20 layer 570 and the top surface of the above- described 
connection layer 561 are in the condition of being 
electrically connected to each other, and the top surface 
570a of the lifting layer 570 and the bottom surface of the 
lifting-adjusting layer 571 are also electrically connected 
25 to each other. 

The advantage of the two-stage structure of the lifting 
layer 572, as shown in Fig. 29, is that the top surface 572a 
of the above-described lifting layer 572 is easily allowed to 
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beccne hlgher than the top sur£aoe 5(;oa ^ ^ ^ 

Ascribed upper core l ayar 560 . After ^ above . d6soribe<1 
lower liftl» g layer „ 0 ±s proviaea above _ described 
H«lng- a d 3 ustin g layer 5?1 u proviflea ^ on ^ 

above-described lower llf t i ng layer 570 , 
step. 

Since the top surface 572a of the above-described 
ll«ln s layer 572 ±s allowed to beoone higher than the top 
surface 560a of the above-described upper core layer 560. the 
top surface 573. of the i„sulati„ g iayer 573 (preferably 
*or„ed fron an iu organio ^ ulatlMg ^ 

top surface and the side surfaces of the above-described 
upper core layer 560 oan be provlded „ a ^ 
parallel to the x-y plane shoMn ln ^ ^ 
the above-described second coil pieces 556 can be piovlded on 
the above-described flattened surface. As a result, the 
above-described secoud coil pieces can highly precisely 
forced by patterning, and the end portions 556a and 556b of 
the above-described second coil piece 556 can be electrically 
connected with reliability and with ease to the top surfaces 
*72a of the above-described lifting layer 572 exposed at the 
above-described flattened surface, since the lifting layar 
"2 higher than the top surface 560a of the above-described 
upper core layer 560 is provided, insulation between the 
25 above-described second coil pieces 556 and the above- 
described upper core layer 560 can be further improved. 

A structure shown in Fig. 3 0. Instead of the structure 
_ shown m Plg . „, ^ the top surfaoe ^ 
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described lifting layer 572 to become higher than the top 
surface 560a of the above-described upper core layer 560. 

In the structure of the thin film magnetic head shown in 
Fig. 30, lifting layers 572 are provided on the coil 
5 insulating layer 536 in both sides of the above-described 
upper core layer 560 in the track-width direction (the X 
direction shown in the drawing), and the area of the lifting 
layer 572 in the film surface direction (a direction parallel 
to the X-Y plane shown in the drawing) is constant from the 
10 bottom surface to the top surface 572a. The lifting layer 

572 has a single-layer structure or a multilayer structure of 
an electrically conductive material, and the top surface 572a 
of the above-described lifting layer 572 is higher than the 
top surface 560a of the above -described upper core layer 560, 
15 as shown in Fig. 30. Preferably, the lifting layer 572 shown 
in Fig. 30 is provided by plating, and is at least one layer 
selected from the group consisting of Cu. FeNi. Ni. Au. FeCo, 
FeCoRh. and FeCoNi. More preferably, the above -described 
lifting layer 572 has a laminated structure in which at least 
20 one layer of protective film selected from the group 

consisting of Ni. CuN±, and NIP is provided on at least one 
primary layer selected from the group consisting of Cu. FeNi, 
Ni, Au, FeCo. FeCoRh, and FeCoNi. 

Consequently, in the thin film magnetic head shown in 
25 Fig. 30 as well, the above-described second coil pieces 556 
can be provided on the above -described flattened surface. As 
a result, the above- described second coil pieces 556 can 
highly precisely formed by patterning, and the end portions 
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556a and 556b of the above -described second coil piece 556 
can be electrically connected with reliability and with ease 
to the top surfaces 572a of the above -described lifting 
layers 572 exposed at the above-described flattened surface. 
5 Since the lifting layer 572 higher than the top surface 560a 
of the above-described upper core layer 560 is provided, 
insulation between the above -described second coil pieces 556 
and the above -de scribed upper core layer 560 can be further 
improved . 

10 Method for manufacturing the thin film magnetic heads 

shown in Fig. 21 to Fig. 30 are similar to the methods for 
manufacturing the thin film magnetic heads shown in Fig. 8 to 
Fig. 19. The magnetic pole end layer 548 is formed by 
plating instead of the protuberance layer 32. and the upper 
15 core layer 560 is formed instead of the laminate 62. 

Methods for manufacturing the above -de scribed lifting 
layers 572 shown in Fig. 29 and Fig. 30 are the same as the 
methods for manufacturing the above -described lifting layers 
72 shown in Fig. 6 and Fig. 7 , respectively. 
20 The thin film magnetic head according to the present 

invention described above in detail is built in a magnetic 
head device mounted on. for example, a hard disk device. The 
above-described thin film magnetic head is built in either 
floating magnetic head or contact magnetic head. The above- 
25 described thin film magnetic head can be used for a magnetic 
sensor and the like in addition to the hard disk device. 
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CLAIMS 



1. A thin film magnetic head comprising a protuberance 
layer having a predetermined length in the height direction 
5 from a surface facing a recording medium and a back gap layer 
located at a predetermined distance in the height direction 
from the rear end surface in the height direction of the 
protuberance layer, each provided on a lower core layer 
extending in the height direction from the facing-surface 
10 side, a magnetic layer connecting between the protuberance 
layer and the back gap layer, and a coil layer wound in a 
toroidal shape around the magnetic layer, 

wherein a plurality of first coil pieces extending in 
the direction intersecting the magnetic layer are provided at 
15 predetermined spacings in the height direction in a space 
enclosed with the lower core layer, the protuberance layer, 
and the back gap layer, connection layers are provided while 
protruding from the end portions in the track-width direction 
of each first coil piece, and the first coil pieces are 
20 covered with a coil insulating layer, 

wherein all of the top surface of the coil insulating 
layer, the top surface of the protuberance layer, the top 
surface of the back gap layer, and the top surfaces of the 
connection layers are provided as the same flattened surface, 
25 wherein the magnetic layer is provided on the flattened 

surface of the coil insulating layer, the protuberance layer, 
and the back gap layer, 

wherein a plurality of second coil pieces crossing over 
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the magnetic layer are provided on the magnetic layer with an 
insulating layer therebetween, and 

wherein the end portions in the track-width direction of 
each second coil piece are electrically connected to the top 
surfaces of the connection layers exposed at the flattened 
surface, and the end portions of the first coil pieces 
adjacent to each other are connected via the second coil 
Pieces, so that the coil layer wound in a toroidal shape is 
provided. 



10 



2. A thin film magnetic head comprising a protuberance 
layer having a predetermined length in the height direction 
rrom a surface facing a recording medium and a back gap layer 
located at a predetermined distance in the height direction 
15 from the rear end surface in the height direction of the 
protuberance layer, each provided on a lower core layer 
extending in the height direction from the facing- surf ace 
side, a magnetic layer connecting between the protuberance 
layer and the back gap layer, and a coil layer wound in a 
20 toroidal shape around the magnetic layer. 

wherein a plurality of first coil pieces extending in 
the direction intersecting the magnetic layer are provided in 
a space enclosed with the lower core layer, the protuberance 
layer, and the back gap layer, and the first coil pieces are 
25 covered with a coil insulating layer, 

wherein the magnetic layer is provided on the coil 
insulating layer, the protuberance layer, and the back gap 
layer, and the magnetic layer is covered with an insulating 
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layer having the top surface provided as a flattened surface, 

wherein a plurality of second coil pieces crossing over 
the magnetic layer are provided on the flattened surface of 
the insulating layer, and 
5 wherein the top surfaces of the connection layers 

electrically connected to the end portions in the track-width 
direction of each first coil piece are exposed at the surface 
flush with the flattened surface, the end portions in the 
track-width direction of each second coil piece are 
10 electrically connected to the top surfaces of the connection 
layers and. thereby, the end portions of the first coll 
pieces adjacent to each other are connected via the second 
coil pieces, so that the coil layer wound in a toroidal shape 
is provided. 

15 

3. A thin film magnetic head comprising a protuberance 
layer having a predetermined length in the height direction 
from a surface facing a recording medium and a back gap layer 
located at a predetermined distance in the height direction 
20 from the rear end surface in the height direction of tlie 
protuberance layer, each provided on a lower core layer 
extending in the height direction from the facing- surf ace 
side, a magnetic layer connecting between the protuberance 
layer and the back gap layer, and a coil layer wound in a 
25 toroidal shape around the magnetic layer, 

wherein a plurality of first coil pieces extending in 
the direction intersecting the magnetic layer are provided in 
a space enclosed with the lower core layer, the protuberance 
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layer, and the back gap layer, lower connection layers are 
provided while protruding from the end portions in the track- 
width direction of each first coil piece, and the first coil 
pieces are covered with a coil insulating layer, 
5 wherein all of the top surface of the coll insulating 

layer, the top surface of the protuberance layer, the top 
surface of the back gap layer, and the top surfaces of the 
lower connection layers are provided as the same flattened 
surface, 

10 wherein the magnetic layer is provided on the flattened 

surface of the coil insulating layer, the protuberance layer, 
and the back gap layer, and upper connection layers 
electrically connected to the lower connection layers are 
provided, 

15 wherein the magnetic layer is covered with an insulating 

layer having the top surface provided as a flattened surface, 
and the top surfaces of the upper connection layers are 
exposed at surfaces flush with the flattened surface, and 

wherein a plurality of second coil pieces crossing over 
20 the magnetic layer are provided on the flattened surface of 
the insulating layer, the end portions in the track-width 
direction of each second coil piece are electrically 
connected to the upper connection layers exposed at the 
flattened surface, and the end portions of the first coil 
25 pieces adjacent to each other are connected via the second 

coil pieces, so that the coll layer wound in a toroidal shape 
is provided. 
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4. The thin film magnetic head according to Claim 1, 
wherein a laminated structure comprising a lower magnetic 
pole layer, a gap layer, and an upper magnetic pole layer for 
serving as the magnetic layer in that order from the bottom 
5 is provided on the protuberance layer, and a track width Tw 
is determined by the width dimension in the track -width 
direction of the laminated structure in the f acing- surf ace . 

5. The thin film magnetic head according to Claim 1, 
10 wherein the protuberance layer is a magnetic pole end layer 
in which at least a lower magnetic pole layer, a gap layer 
formed from a non-magnetic metal material, and an upper 
magnetic pole layer are provided by plating in that order 
from the bottom and a track width Tw is regulated by the 
15 width dimension in the track-width direction in the facing- 
surface, and the magnetic layer is laminated on the magnetic 
pole end layer. 

6. The thin film magnetic head according to Claim 5, 
20 wherein the saturation magnetic flux density of the magnetic 

layer is lower than that of the upper magnetic pole layer. 

7. The thin film magnetic head according to Claim 1, 
wherein, with respect to at least one pair of the first coil 

25 pieces adjacent to each other, the distance between the end 
portions adjacent to each other in the height direction of 
the first coil pieces is larger than a minimum distance 
between the first coil pieces in the region overlapping the 
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magnetic layer. 



8. The thin film magnetic head according to Claim 7, 
wherein the plurality of first coil pieces include portions 
5 parallel to each other in the region overlapping the magnetic 
layer. 

9. The thin film magnetic head according to Claim 1. 
wherein, with respect to at least one pair of the second coil 
0 pieces adjacent to each other, the distance between the end 
portions adjacent to each other in the height direction of 
the second coil pieces is larger than a minimum distance 
between the second coil pieces in the region overlapping the 
magnetic layer. 

10. The thin film magnetic head according to Claim 9, 
wherein the plurality of second coil pieces include portions 
parallel to each other in the region overlapping the magnetic 
layer. 

11. The thin film magnetic head according to Claim 1, 
wherein the length dimension of the second coil piece in a 
first direction orthogonal to the direction of a current flow 
is larger than the length dimension of the first coil piece 
in the first direction. 

12. The thin film magnetic head according to Claim 1, 
wherein the film thickness of the second coil piece is larger 
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than the film thickness of the first coil piece. 



13. The thin film magnetic head according to Claim 2, 
wherein a laminated structure comprising a lower magnetic 
5 pole layer, a gap layer, and an upper magnetic pole layer for 
serving as the magnetic layer in that order from the bottom 
is provided on the protuberance layer, and a track width Tw 
is determined by the width dimension in the track-width 
direction of the laminated structure in the facing -surf ace. 

10 

14. The thin film magnetic head according to Claim 2, 
wherein the protuberance layer is a magnetic pole end layer 
in which at least a lower magnetic pole layer, a gap layer 
formed from a non-magnetic metal material, and an upper 
15 magnetic pole layer are provided by plating in that order 
from the bottom and a track width Tw is regulated by the 
width dimension in the track-width direction in the facing- 
surface, and the magnetic layer is laminated on the magnetic 
pole end layer. 

20 

15. The thin film magnetic head according to Claim 14, 
wherein the saturation magnetic flux density of the magnetic 
layer is lower than that of the upper magnetic pole layer. 

25 16; The thin film magnetic head according to Claim 2, 

wherein, with respect to at least one pair of the first coil 
pieces adjacent to each other, the distance between the end 
portions adjacent to each other in the height direction of 
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5 



the first coil pieces is larger than a minimum distance 
between the first coil pieces in the region overlapping the 
magnetic layer. 

17. The thin film magnetic head according to Claim 16, 
wherein the plurality of first coil pieces include portions 
parallel to each other in the region overlapping the magnetic 
layer. 



10 



18. The thin film magnetic head according to Claim 2, 
wherein, with respect to at least one pair of the second coil 
Pieces adjacent to each other, the distance between the end 
portions adjacent to each other in the height direction of 
the second coil pieces is larger than a minimum distance 
15 between the second coil pieces in the region overlapping the 
magnetic layer. 

19. The thin film magnetic head according to Claim 18, 
wherein the plurality of second coil pieces include portions 
20 parallel to each other in the region overlapping the magnetic 
layer. 

20. The thin film magnetic head according to Claim 2, 
wherein the length dimension of the second coil piece in a 
25 first direction orthogonal to the direction of a current flow 
is larger than the length dimension of the first coil piece 
in the first direction. 
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21. The thin film magnetic head according to Claim 2, 
wherein the film thickness of the second coil piece is larger 
than the film thickness of the first coil piece. 

5 22. The thin film magnetic head according to Claim 3 # 

wherein a laminated structure comprising a lower magnetic 
pole layer, a gap layer, and an upper magnetic pole layer for 
serving as the magnetic layer in that order from the bottom 
is provided on the protuberance layer, and a track width Tw 
10 is determined by the width dimension in the track-width 

direction of the laminated structure in the facing-surface. 

23. The thin film magnetic head according to Claim 3, 
wherein the protuberance layer is a magnetic pole end layer 
15 in which at least a lower magnetic pole layer, a gap layer 
formed from a non -magnetic metal material, and an upper 
magnetic pole layer are provided by plating in that order 
from the bottom and a track width Tw is regulated by the 
width dimension in the track- width direction in the facing - 
20 surface, and the magnetic layer is laminated on the magnetic 
pole end layer. 

24. The thin film magnetic head according to Claim 23, 
wherein the saturation magnetic flux density of the magnetic 

25 layer is lower than that of the upper magnetic pole layer. 

25. The thin film magnetic head according to Claim 3, 
wherein, with respect to at least one pair of the first coil 
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Pieces adjacent to each other, the distance between the end 
portions adjacent to each other in the height direction of 
the first coil pieces is larger than a minimum distance 
between the first coil pieces in the region overlapping the 
5 magnetic layer. 

26. The thin film magnetic head according to Claim 25, 
wherein the plurality of first coil pieces include portions 
parallel to each other in the region overlapping the magnetic 
10 layer. 



27. The thin film magnetic head according to Claim 3. 
wherein, with respect to at least one pair of the second coil 
Pieces adjacent to each other, the distance between the end 
15 portions adjacent to each other in the height direction of 
the second coil pieces is larger than a minimum distance 
between the second coil pieces in the region overlapping the 
magnetic layer. 



20 



28. The thin film magnetic head according to Claim 27, 
wherein the plurality of second coil pieces include portions 
parallel to each other in the region overlapping the magnetic 



layer. 



25 



29. The thin film magnetic head according to Claim 3, 
wherein the length dimension of the second coil piece in a 
first direction orthogonal to the direction of a current flow 
is larger than the length dimension of the first coil piece 
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in the first direction . 



30. The thin film magnetic head according to Claim 3, 
wherein the film thickness of the second coil piece is larger 

5 than the film thickness of the first coil piece. 

31. A method for manufacturing a thin film magnetic 
head, comprising the steps of: 

(a) forming a lower core layer extending in the height 
10 direction from the side of a surface facing a recording 

medium; 

(b) forming a coil insulating substrate layer on the 
lower core layer and, thereafter, forming a plurality of 
first coil pieces extending in the direction intersecting the 

15 height direction, at predetermined spacings in the height 
direction, on the coil insulating substrate layer in a 
predetermined region; 

(c) forming a protuberance layer from the facing-surface 
toward the height direction on the lower core layer while the 

20 location of the protuberance layer is suitable for avoiding 
contact with the first coil pieces, forming a back gap layer 
on the lower core layer while the location of the back gap 
layer is at a distance in the height direction from the rear 
end surface in the height direction of the protuberance layer 
25 and is suitable for avoiding contact with the first coil 

pieces, and forming connection layers protruding from the end 
portions in the track-width direction of each first coil 
piece; 
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(d) covering the first coil pieces with a coil 
insulating layer and. thereafter, polishing the coil 
insulating layer, the protuberance layer, the back gap layer, 
and the connection layers until the top surface of the 
5 protuberance layer, the top surface of the coil insulating 
layer, the top surface of the back gap layer, and the top 
surfaces of the connection layers are provided as the same 
flattened surface; 

(e) forming a magnetic layer on the flattened surface of 
10 the coil insulating layer, the protuberance layer, and the 

back gap layer to connect between the protuberance layer and 
the back gap layer; and 

(f ) forming an insulating layer on the magnetic layer, 
forming a plurality of second coil pieces on this insulating 

15 layer while the second coil pieces cross over the magnetic 
layer, connecting the end portions in the track -width 
direction of each second coll piece to the top surfaces of 
the connection layers exposed at the flattened surface, and 
connecting the end portions of the first coll pieces adjacent 
20 to each other via the second coil pieces, so that a coil 
layer wound in a toroidal shape is provided. 

32. The method for manufacturing a thin film magnetic 
head according to Claim 31, wherein the protuberance layer. 

25 the back gap layer, and the connection layers are 

simultaneously formed from the same material in the step (c) . 

33. The method for manufacturing a thin film magnetic 
head according to Claim 31, comprising. Instead of the step 
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(f ) , the steps of: 

(g) forming upper connection layers on the connection 
layers while the upper connection layers extend to the 
locations higher than the top surface of the magnetic layer; 

(h) covering the magnetic layer with an insulating layer 
and, thereafter, polishing the insulating layer and the upper 
connection layers until the top surfaces of the upper 
connection layers and the top surface of the insulating layer 
are provided as the same flattened surface; and 

(i) forming a plurality of second coil pieces on the 
flattened surface of the insulating layer while the second 
coil pieces cross over the magnetic layer, connecting the end 
portions in the track-width direction of each second coil 
piece to the top surfaces of the upper connection layers 
exposed at the flattened surface, and connecting the end 
portions of the first coil pieces adjacent to each other via 
the second coil pieces, so that a coil layer wound in a 
toroidal shape is provided. 

34. A thin film magnetic head as hereinbefore described with 
reference to the accompanying diagrammatic drawings. 

35. A method for manufacturing a thin film magnetic head as 
hereinbefore described with reference to the accompanying 
diagrammatic drawings. 
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